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supported by the parallel link mechanism can be made 



lightweight using the advantages of the parallel link 
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controlled with excellent operational-characteristics and 
high rigidity. In addition, transmission of vibrations and 
the like between the reticle base level block (12), the 
wafer base level block (38) and other portions, e.g. an 
optical projection system (PL), can be prevented. There- 
fore, a fine pattern formed on the reticle (R) can be pre- 
cisely transferred onto the wafer (W). 
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Description 
TECHNICAL FIELD 



[0001] The present Invention relates to a parallel link mechanism, an exposure apparatus and its making ^method 
and a method of manufacturing a device and, more specificaily, to a parallel i.nk mechanism, a k,nd of mechanism to 
emofovat least three expandable rods and control the position/attitude of a movable object, an exposure apparatus 
Zl Sing the peSiel link mechanism to contro. the attitude of at least one of a mask and a substrate and its mak.ng 
method, and a method of manufacturing a micro device (electronic device) by using the exposure apparatus. 

BACKGROUND ART 

f00021 In a lithography process for manufacturing a semiconductor element, liquid crystal display element, or the 
"e an expire apparatus has been used. A reduction projection exposure apparatus (stepper), of 
met'hod which transfers a pattern formed on a mask or reticie (to be generally referred to as a -redd*- "^ er > 
Through a projection optical system onto a plurality of shot areas on a substrate such as a wafer or glass plate £o be 
Sd^ 

tTas a "stepper hereinafter as needed) such as a scanning prelection exposure apparatus (scanning-steppe^ of a 
step-and-scan method, which is obtained by improving the reduction projection exposure apparatus are mainly em- 

[S] Important ones of the basic factors to determine the performance of the stepper are thY es ° lu j;°" « 
resolution) and focus depth of the projection optical system (projection lens). It is because the resolution de emnines 
KeS pattem size that can be pmjected and imaged, i.e. the narrowest line width in practice (device rule). And its 
focuX^^^^ 

thin lavers of oxide, metal, etc., and may be slightly deformed. 

[OOoT The resolution R and focus depth DOF of a projection lens is given by the following two equations as a general 
measure: 

R = k1 ■ X/N.A. < 1 > 



DOF = k2 • X/(N.A.) 



2 (2) 



[0005] Note that X, N.A. and k1 , K2 respectively represent the wavelength of light used for exposure, the numerical 
aperture of the projection optical system, and parameters determined by resist, etc. illllnnina « nn 
roOOSl An eariy stepper used a g-line (X = 436nm) of an ultra-high pressure mercury lamp as exposure illum.nat on 
EmL N^A. was about 0.3, and i resolution was about 1 .2um. As obvious in the above equation (1 ). the larger the 
N A is the betterthe reso.ution is. With a larger N.A., however, the focus depth is decreased as obvious in the above 

ro^Ti^iherefore, apparatuses for production of 16Mbit DRAM and apparatuses for the later have achieved high 
eStio ibyusing i-lineV 365nm) and a projection optical system of which N.A. is about 0.5, and also have ach^ 
a oractical focus depth. Because the i-line can be obtained from an uitra-high pressure mercury lamp I i ke the g-l.ne 
Z ^be used in the same way as earlier steppers in semiconductor manufacturing factories, the ,-.,ne steppers 
have been introduced as a production unit more smoothly than expected. ... 
raws] AtterS in the period from the third generation of 64Mbit DRAM to 245Mbit DRAM where the,r device rules 
are elano oMeis than P 0.3um, instead of the mercury lamp as a iight source, the use of KrF excimer laser was 
eLaZed, and the application of a phase shift reticle and modified illumination that can be applied by improving then 

mOOoT U WNra'KrFexdm'er laser (X = 248nm) stepper uses a common basic body with a previous stepper using g- 
Hne or i-line, its optical system from the source to the projection optical system is different That is, because using hgh 
of a shorter wavelength, usable optical materials are limited to quartz, fluorite. etc. In addition, because excimer laser 
Hghtt ■ pufse TmissioJlight and coherent uniike that of a mercury lamp, a specie, technology for the i.lumination system 

ioo^r^ause interference fringe induced by the coherency of the excimer laser affects the Precision erf ^line width 
of an exposure pattern, it is necessary to suppress the effects of the interference fnnge by providing a v,b atj H™ ™ 
I the illumination optical system and making a light beam fluctuate finely. In a stepper with a lamp as its light source, 
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accumulated exposure amount can be controlled by the open/close time of its shutter Meanwhile, in a laser-light- 
source stepper using pulse emission, it is necessary to set the number of pulses per an exposure to be equal to or 
more than a certain number (referred to as a minimum exposure-pulse number) to compensate for energy fluctuation. 
[0011] For 1Gbit DRAM of the future where device rules will be equal to or less than 0.2um, the use of ArF excimer 
5 laser {X = 1 93nm), phase shift reticle and modified illumination technology is suggested. An ArF excimer laser stepper 
needs to have the optical path of its exposure light filled with nitrogen or the like because the exposure light is absorbed 
by oxygen. 

[0012] To obtain even higher resolution and wider focus depth, light source of a shorter wavelength can be used 
leaving N.A. of the projection optical system as it is. Recently, reduction projection lithography using F 2 {X = 157nm) 
10 laser having a shorter wavelength than ArF excimer laser as its light source is presented by MIT Lincoln Lab., and is 
attracting a lot of attention. Because F 2 laser light is absorbed by oxygen like ArF excimer laser light, exposure needs 
to be performed in the atmosphere of N 2 or He. 

[0013] Furthermore, to improve the precision of an exposure apparatus using light source of such a short wavelength, 
the precision of positioning of a reticle stage and wafer stage needs to be improved, and it is also necessary to suppress 
15 vibrations of units due to reaction caused by the drive of the stages as movable objects as much as possible and 
insulate floor vibrations. 

[0014] Therefore, to realize highly precise exposure using such a short-wave length light source as F 2 laser, it is 

necessary to control positioning, and suppressing or insulating vibrations more precisely than ever. 

[001 5] For example, as factors required of a scanning stepper that transfers the reticle pattern onto a plurality of shot 

20 areas on the wafer in turn according to a step-and-scan method by repeating a scanning exposure operation, in which 
a reticle pattern is transferred onto the wafer synchronously moving the reticle stage holding the reticle and the wafer 
stage holding the wafer in one dimensional direction, and a stepping-between-shots operation of the wafer stage, there 
are the following things: [1] The driving reactions of the stages do not transmit to the frame supporting the projection 
optical system; [2] It is easy to adjust relative position and attitude between each of the stages and the projection optical 

25 system; [3] The driving thrust and driving reaction are reduced by making the stages lightweight; [4] It is so structured 
that floor vibrations are prevented from transmitting to the stages and the projection optical system;[5] It is so structured 
that the stages and the projection optical system can be easily separated. [1] to [4] are required to realize precise 
exposure of a fine pattern, and [5] is required to improve easiness of its maintenance and reduce its down-time so that 
the productivity of a micro device is improved. 

30 [0016] Also, there is a double wafer-stage scheme for realizing the high throughput where two wafer stages are 
mounted on the level block; while a wafer stage is performing exposure, the other performs alignment or the like and 
the two operations are alternately and continuously performed. Furthermore, a multi-exposure method such as a double 
exposure method where using two reticle stages each holding a reticle having a pattern different from the other formed 
thereon, those patterns are transferred in turn is effective for higher integration of semiconductor devices because it 

35 is possible to improve the resolution and focus depth. Note that to achieve a desirable effect in the double wafer-stage 
scheme and the multi-exposure method, the above factors [1] to [4] have to be satisfied as a premise, and that it is 
preferable to satisfy the above factor [5]. 

[0017] In addition, when performing exposure using light of a wave length shorter than or equal to F 2 laser light, [6] 
it is required that the stages, the projection optical system, and the like should be contained by a chamber so as to be 

40 enclosed in the atmosphere of N 2 or He. 

[0018] Also, in a step-and-repeat type stepper, it is preferable to satisfy the above factors [1] to [6], not to mention. 
[001 9] Of the above factors [1 ] to [6], the factor [3] can be satisfied by adopting a planar motor or a cylinder-like linear 
motor as driving sources of the stages. Especially, when adopting the planar motor as a driving source of the wafer 
stage, the planar motor can drive the movable object in three degrees of freedom X, Y, 8z by one motor, and therefore, 

45 x guide and Y guide of X-Y two dimensional arrangement that were previously indispensable are unnecessary. And 
when driving the stage holding the wafer in one direction of X-axis and Y-axis directions, a motor and a guide for driving 
the stage in the other direction need not be driven along with the stage, and therefore, the weight of the movable portion 
can be remarkably reduced. Therefore, it is attracting a lot of attention as a promising driving source of the wafer stage 
of an exposure apparatus in the future. 

so [0020] However, it is very difficult to satisfy the rest, [1], [2], [4], [5], [6], at the same time even if the planar motor is 
adopted as a driving source of the stage. 

[0021] Meanwhile, as means of moving the movable portion in the six degrees of freedom regarding translation and 
rotation, a mechanism referred to as a steward-platform, a kind of parallel mechanism (also referred to as a parallel 
link mechanism) where a base portion and end-effecter are connected by a plurality of link chains each having more 
55 than two joints, is used in training and simulation of flying an air plane, and is attracting attention in the field of industrial 
robots. 

[0022] The present invention is invented under such a circumstance and a first purpose of the present invention is 
to provide a parallel link mechanism that can realize the miniaturization/lightening and the improvement of the output 
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transfer a fine pattern onto a substrate and a method of making the exposure apparatus. „ ratoH 
SST in add-on a third purpose of the present invention is to provide a method of manufacture a h,gh.y mtegrated 
s micro-device with high productivity. 

DISCLOSURE of INVENTION 

100251 Under the above circumstance, the inventors of the present invention have conducted studies to realize such 
to an exposure apparatus as satisfies as many of the above factors [1 ] to [6] as possibie at the same tim 'regardless of 
whether 22 motor is adopted as a stage driving source or not. And as a result, they have reached a condusion 
r h afthe objecttve can be achieved by leaving out a body (central column) that has been used jn ^f^^T ° 
!S22m supporting respectively the reticle stage, the wafer stage, etc.. to be dependent, and makmg It possible 
*E£Zi p^tllattLes in six degrees of freedom to meet any requirement. With such a conc.us,on and 
is f„r.h»r tidies thev have thouqht of applying the above mechanism to the exposure apparatuses. 
15 S 5 ^ZX££Z«*£i* Parcel mechanism (hereafter, referred to as £ ^» 

h i= foJmHthat althouah it can satisfy most of the factors, which the inventors intend, such as the movable portion being 
LhSi Tend S^£X«^M<A high rigidity, and precision of positioning, there are some 
pl^CSecause anoi. cylinder is used as an active congestion in a steward-piatform. representee 

20 ITSSr^ first aspect of the present invention, there is provided a parallel link mechanism comprising 
L SPe JSTflW t three expandable rods each including a first axis member and a second axis member that 
canre^ 

centre respective rods each by relatively driving the first axis member and the second ax. member in the axis 
25 SSS. each of which comprises a shaft motor that comprises a cylindrical mover ■ M -B^^ l ^^£ 
firet axis member and the second axis member, and a columnar stator integrally arranged In the other of the first axis 
member ^nd the s^ond axis member, and that relatively drives the first axis member and the second axis membe in 
t h e direction ~ usin" thrust generated by e.ectromagnetic Interaction between the firs, axis member and the 

so [002T ttthTs^haft motor, because a columnar or cylindrical magnet is used in its mover side or stator side, ma* 
netic L (magnetic field) is generated radially and in all directions, and the exposure apparatus can have the whole 
maSlciu I a I directions contribute to the generation of a driving force by an electromagnetic or magnetic tato^ 
T^ion And then much larger thrust can be generated compared with an usual linear motor, etc. and .t is possible to 
SkettlairmTnThyZulSYnder, etaln this case, either stator can be used, a hollow column or asohd column^ 
raoS Theref ore f using the parallel link mechanism ^ 

mechanism hat ar arranged in the respective rods and each comprise the shaft motor, which compnses a cylindncal 
moverin^^^ 

ar'ngldtn 9 heoZ of the first axis member and the second axis member, and relatively drives the first axis member 
and the second axis member in the axis direction by using thrust generated by electromagnetic interaction between 
the f ret a^ member and the second axis member, the miniaturization and lightening, and the improvement of the 
outpuTcan be realized at the same time. The parallel link mechanism according to the present invention ,s preferab* 

SEE* ' lnTe° ;ra,Xk at rnrhan,sm according to the present Invention the can 232 

an air cylinder arranged in parallel or in series with the shaft motor. In such a case, the movable body -car , be driven 
coarse^ and by larger distances by controlling the air pressure of the air cylinder, and also finely by the ha mo or 
Also t this case Us possible to use the air cylinder to expand/contract each rod tor controlling the position/attrtude 
or the moTabTbody to use the shaft motor to suppress vibrations, and to use the air cylinder for suppressing low 
f reauencv vibrations and the shaft motor for insulating high-frequency vibrations 

M311 A^ortlnTto the second aspect of the present invention, there is provided an exposure apparatus, which 
"ansfers a TeS^ed pattern onto a substrate, comprising a exposure main portion for transferring he pattern; 
anofpar^ that supports at least a part of the exposure main portion in such a way that its attitude 

i S 00 C 32! rO "By b using this, because a part of the exposure main portion that transfers a predetermined pMo^ 
substmte is supported by the parallel link mechanism in such a way that its attitude is controllab e, the pari of the 
exposure main portion supported by the parallel link mechanism can be made lightweight by using the adages of 
fhe oaraLTrk mechanism and its attitude can be precisely controlled with desirable operat,onal-ch aracte ns.cs and 
high In addition, because the part of the exposure main portion can be supported to be independen of other 

Portions by the parallel link mechanism, the transmission of vibrations, etc., can be prevented. Especially, ,n a case 
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where a movable portion of a substrate stage or the like composing the exposure main portion is supported by the 
parallel link mechanism, such effects to others as vibrations due to the drive of the movable portion can be reduced. 
Therefore, by using the exposure main portion according to the present invention, a fine pattern can be precisely 
transferred onto a substrate. 

5 [0033] In an exposure apparatus according to the present invention, the exposure main portion comprises a substrate 
stage to hold the substrate and it is possible to have the parallel link mechanism control the position/attitude in at least 
three degrees of freedom of the substrate stage. In such a case, because the parallel link mechanism controls the 
position/attitude in at least three degrees of freedom of the substrate stage, the substrate stage driven by the parallel 
link mechanism can be made lightweight and the position/attitude in at least three degrees of freedom of the substrate 

10 can be precisely controlled with desirable operational-characteristics and high rigidity. 

[0034] In this case, the parallel link mechanism may comprise a first base member, at least three expandable first 
rods that link the first base member and the substrate stage, and first expansion mechanisms that are arranged in the 
respective first rods and expand/contract the respective first rods. In such a case, by expanding and contracting the 
respective rods by the first expansion mechanisms that are arranged in the respective first rods, the position/attitude, 

15 in at least three degrees of freedom (e.g. X, Y, Gz), of the substrate stage can be precisely controlled with desirable 
operational-characteristics and high rigidity. In this case, because the substrate stage is driven by the parallel link 
mechanism , such a driver to drive the substrate stage as a linear motor, a stage base (wafer base level block) to support 
the wafer stage, and the like are unnecessary. Note that for controlling the position/attitude in six degrees of freedom 
of the substrate, it is necessary to provide a driving mechanism (e.g. Z-tilt mechanism), which drives the substrate in 

20 the other degrees of freedom (e.g. Z, 8x, 9y), and the like on the substrate stage. 

[0035] In this case, it is preferable that the parallel link mechanism comprises six of the first rods and controls position/ 
attitude, In six degrees of freedom, of the substrate stage by expansion/contraction of each first rod. In such a case, 
because the position/attitude, in the six degrees of freedom, of the substrate stage can be controlled by individual 
expansions/contractions of the six first rods of the parallel link mechanism, the above Z-tilt mechanism, etc., are un- 

25 necessary and therefore, it is possible to make the substrate stage, as the movable portion, more lightweight. 

[0036] In an exposure apparatus according to the present invention, the first expansion mechanism may comprise 
an air cylinder and an electromagnetic linear motor that are arranged in parallel or in series with each other. In such a 
case, the substrate stage can be driven coarsely and by larger distances by controlling the air pressure of the air 
cylinder, and also finely by the electromagnetic linear motor, and it is possible to precisely control the position/attitude, 

30 j n at least three degrees of freedom, of the substrate stage for a short time. 

[0037] In an exposure apparatus according to the present invention, the exposure main portion may comprise a 
projection optical system that projects the pattern onto the substrate as well as the substrate stage the position/attitude 
of which, in at least three degrees of freedom, is controlled by at least three first rods. In this case, by individually 
expanding and contracting the first rods by the respective first expansion mechanisms and controlling the position/ 

35 attitude, in at least three degrees of freedom, of the substrate stage, the relative position, in at least three degrees of 
freedom, between the projection optical system and the substrate stage can be precisely adjusted with desirable op- 
erational-characteristics and high rigidity. 

[0038] In this case, the exposure main portion may further comprise a mask stage to hold the mask on which the 
pattern is formed and the parallel link mechanism may control the position/attitude in at least three degrees of freedom 

40 of the mask stage. In such a case, because the parallel link mechanism controls the position/attitude in at least three 
degrees of freedom of the mask stage, the mask stage driven by the parallel link mechanism can be made lightweight 
and the position/attitude in at least three degrees of freedom of the mask stage can be precisely controlled with desirable 
operational-characteristics and high rigidity and it is possible to adjust the relative position, in at least three degrees 
of freedom (e.g. X, Y, Oz or Z, 6x, Gy), between the mask stage and the projection optical system. 

45 [0039] In this case, the parallel link mechanism may comprise a second base member, at least three expandable 
second rods that link the second base member and the mask stage, and second expansion mechanisms that are 
arranged in the respective second rods and expand/contract the respective second rods. In such a case, by expanding 
and contracting the respective rods by the second expansion mechanisms that are arranged in the respective second 
rods, the control of the position/attitude, in at least three degrees of freedom (e.g. X, Y, 6z), of the mask stage and the 

50 adjustment of the relative position, in at least three degrees of freedom (e.g. X, Y, 6z or Z, Ox, 8y), between the mask 
stage and the projection optical system can be precisely performed with desirable operational-characteristics and high 
rigidity. In this case, because the mask stage is driven by the parallel link mechanism, such a driver to drive the mask 
stage as a linear motor, a stage base to support the mask stage, and the like are unnecessary. Note that for controlling 
the position/attitude in six degrees of freedom of the mask, it is necessary to provide a driving mechanism (e.g. a Z- 

55 tilt mechanism or a planar motor) or the like which drives the mask in the other degrees of freedom (e.g. Z, Gx, 9y or 
Z, Gx, Gy), on the mask stage. 

[0040] In this case, it is preferable that the parallel link mechanism comprises six of the second rods and controls 
the position/attitude, in six degrees of freedom, of the mask stage by expansion/contraction of each second rod. In 
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such a case, because the position/attitude, in the six degrees of freedom, of the mask stage can be controlled by 
individual expansions/contractions of the six second rods of the parallel link mechanism, the above Z-tilt mechanism, 
planar motor, etc. , are unnecessary, and therefore, it is possible to make the mask stage, as the movable portion, more 

r0041] el9 |n an exposure apparatus according to the present invention, in a case where the parallel link mechanism 
comprises at least three of the first rods expanded and contracted by the first expansion mechanisms to control the 
position/attitude of the substrate stage and at least three of the second rods expanded and contracted by the second 
expansion mechanisms to control the position/attitude of the mask stage, at least one of the first and second expansion 
mechanisms may comprise an aircylinderandan electromagneticlinearmotorthat are arranged in parallelorinser.es 
with each other. In such a case, at least one of the substrate stage and the mask stage can be driven coarsely and by 
larger distances by controlling the air pressure of the air cylinder, and also finely by the electromagnetic linear motor, 
and it is possible to precisely control the position/attitude, in at least three degrees of freedom, of at least one of the 
substrate stage and the mask stage and precisely adjust the relative position of at least one stage with respect to the 
projection optical system for a short time. „ „„i,i„ 

[0042] In this case, it is preferable that at least one of the first and second rods further comprises a bearing unit to 
support the mover of the electromagnetic linear motor with respect to its stator in a non-contact manner. In such a 
case because friction that works as a non-linear component upon controlling the expansion/contraction of the rod 
having the bearing unit by the expansion mechanism can be avoided, the position/attitude, in three degrees of freedom, 
of at least one of the wafer stage and the mask stage can be more precisely controlled. 

[0043] Note that in this case, either of a gas static pressure bearing unit and a magnetic bearing unit can be used 

foV441 be Whe 9 n U a n gas static pressure bearing unit is used as the bearing unit, it is preferable that a differential exhaust 
mechanism is arranged in its neighbor so that a gas supplied to the gas static pressure bearing unit does not contam- 
inate the gas purity of the atmosphere inside the exposure apparatus. 

T00451 In an exposure apparatus according to the present invention, the relative position between at least one of 
both the stages and the projection optical system may be statically adjusted by using the air cylinder, and also a 
controller to suppress vibrations by using the electromagnetic linear motor may be provided. In such a case, it is 
possible to adjust the relative position between at least one of both the stages and the projection optical system and 
suppress vibrations due to expansion/contraction of each rod. 

[0046] An exposure apparatus according to the present invention may further comprise a controller that insulates 
high-frequency vibrations by controlling the current of the electromagnetic linear motor. In such a case, fine v.brations 
from the floor surface, high-frequency vibrations, can be insulated. 

r0047] An exposure apparatus according to the present invention may further comprise a supporting mechanism 
that supports the projection optical system to be In afixed state on the floorsurface on which the exposure ma.n portion 
is mounted In such a case, by having the supporting mechanism support it to be fixed immediately after the initial 
adjustment of the projection optical system to take a desirable position and attitude, the relative positions, in at leas 
three degrees of freedom, of both the stages with respect to the projection optical system can be adjusted because rt 
is possible to control the positions/attitudes, in at least three degrees of freedom, of the substrate stage and the mask 

f0048] In an exposure apparatus according to the present invention, in a case where the parallel link mechanism 
comprises the first and second base members, at least three of the first rods expanded and contracted by the first 
expansion mechanisms, and at least three of the second rods expanded and contracted by the second expansion 
mechanisms, the parallel link mechanism may further comprise a third base member, at least three expandable third 
rods that link the third base member and the projection optical system, and third expansion mechanisms that are 
arranged in the respective third rods and expand/contract the respective third rods. In such a case, by individually 
controlling expansion mechanisms arranged in the respective third rods upon the initial adjustment of the project.on 
optical system, the initial adjustment can be easily performed. After the initial adjustment, by keeping the lengths of 
the respective third rods by the third expansion mechanisms, the projection optical system can be supported and fixed 
to be in a desirable position and attitude. After that, the relative position, in at least three degrees of freedom, between 
each stage and the projection optical system is adjusted by controlling the position/attitude of each stage 
r0049] In this case, the third expansion mechanism may comprise an air cylinder. In such a case, the Initial adjustment 
of the position/attitude of the projection optical system can be easily performed by adjusting the inside pressure of the 

[0050] " in an exposure apparatus according to the present invention, the first, second, and third base members may 
each be an individual member, or at least two of the first, second, and third base members may be one common 
member That is, the first, second, and third base members may be one common member, or the first and second base 
members the second and third base members, or the first and third base members may be one common member 
[0051] In an exposure apparatus according to the present invention, it is possible to have the exposure main portion 
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comprise a mask stage to hold a mask on which the pattern is formed and to make the parallel link mechanism control 
the relative position, in three degrees of freedom, of the mask stage. In such a case, because the parallel link mechanism 
controls the position/attitude, in at least three degrees of freedom, of the mask stage, it is possible to make the mask 
stage driven by the parallel link mechanism lightweight and the position/attitude, in at least three degrees of freedom 

5 (e.g. X, Y, 6z or Z, Gx, Gy), of the mask stage can be precisely controlled with desirable operational-characteristics and 
high rigidity. Note that when the exposure main portion comprises the projection optical system, it is possible to adjust 
the relative position, in at least three degrees of freedom, between the mask stage and the projection optical system. 
[0052] In this case, the parallel link mechanism may comprise a base member, at least three expandable rods that 
link the base member and the mask stage, and expansion mechanisms that are arranged in the respective second 

10 rods and expand/contract the respective rods. In such a case, by expanding and contracting the respective rods by 
the expansion mechanisms that are arranged in the respective rods, the control of the position/attitude, in at least three 
degrees of freedom (e.g. X, Y, Gz), of the mask stage can be precisely performed with desirable operational-charac- 
teristics and high rigidity. In this case, because the mask stage is driven by the parallel link mechanism, such a driver 
to drive the mask stage as a linear motor, a stage base to support the mask stage, and the like are unnecessary. Note 

15 that for controlling the position/attitude in six degrees of freedom of the mask, it is necessary to provide a driving 
mechanism (e.g. a Z-tilt mechanism), which drives the mask in the other degrees of freedom (e.g. Z, Ox, 0y), and the 
like on the mask stage. 

[0053] In this case, it is preferable that the parallel link mechanism comprises six of the rods and controls the position/ 
attitude, in six degrees of freedom, of the mask stage by expansion/contraction of each rod. In such a case, because 

20 the position/attitude, in the six degrees of freedom, of the mask stage can be controlled by individual expansions/ 
contractions of the six rods of the parallel link mechanism, the above Z-tilt mechanism, planar motor, etc., are unnec- 
essary, and therefore, it is possible to make the mask stage, as the movable portion, more lightweight. 
[0054] In an exposure apparatus according to the present invention, it is possible to have the exposure main portion 
comprise a substrate stage to hold the substrate and a stage base to support the substrate stage in such a way that 

25 the substrate stage is movable, and to make the parallel link mechanism control relative position, in three degrees of 
freedom, of the first stage base. In such a case, by controlling the relative position, in three degrees of freedom, of the 
first stage base by the parallel link mechanism, the relative position, in three degrees of freedom (e.g. Z, 8x, fly), of the 
substrate stage supported by the first stage base can be controlled. That is, without the Z-tilt mechanism mounted on 
the substrate stage, it is possible to perform a Z-tilt drive of the substrate, and therefore it is possible to make the 

30 substrate stage lightweight. In addition, it is possible to reduce driving force and driving reaction when driving the 
substrate stage on the first stage base by, e.g., a planar motor. 

[0055] In this case, the parallel link mechanism may comprise a first base member, at least three expandable first 
rods that link the first base member and the first.stage base, and first expansion mechanisms that are arranged in the 
respective first rods and expand/contract the respective first rods. In such a case, by individually expanding and con- 
35 trading the respective first rods by the first expansion mechanisms that are arranged in the respective first rods, the 
position/attitude, in at least three degrees of freedom (e.g. Z, Gx, Gy), of the first stage base is controlled. As a result, 
the position/attitude, in at least three degrees of freedom, of the substrate stage can be precisely adjusted with desirable 
operational-characteristics and high rigidity. 

[0056] In this case, the first expansion mechanism may comprise an air cylinder and an electromagnetic linear motor 
40 that are arranged in parallel or in series with each other. In such a case, the first stage base can be driven coarsely 
and by larger distances by controlling the air pressure of the air cylinder, and also finely by the electromagnetic linear 
motor, and as a result, it is possible to precisely control the position/attitude, in three degrees of freedom (e.g. Z, Gx, 
Gy), of the substrate stage for a short time. 

[0057] In this case, in a case where the parallel link mechanism comprises a first base member, at least three ex- 
45 pandable first rods that link the first base member and the first stage base, and first expansion mechanisms that are 
arranged in the respective first rods and expand/contract the respective first rods, the exposure main portion may 
further comprise the projection optical system that is supported independent from the first stage base and projects the 
pattern onto the substrate. 

[0058] In such a case, as mentioned above, by individually expanding and contracting the respective first rods by 
so the first expansion mechanisms, the position/attitude, in at least three degrees of freedom, of the substrate stage can 
be precisely controlled via the first stage base with desirable operational-characteristics and high rigidity. Therefore, 
as a result, the adjustment of the relative position, in at least three degrees of freedom (e.g. Z, Gx, Gy), between the 
projection optical system and the substrate, i.e. focus leveling control, can be precisely performed with desirable op- 
erational-characteristics and high rigidity. By making the substrate stage lightweight, it is possible to reduce driving 
55 force and driving reaction when driving the substrate stage on the first stage base by, e.g., a linear motor, and because 
the projection optical system is supported independent from the first stage base, the reaction to the drive of the substrate 
stage can be prevented from transmitting to the projection optical system. Also, it is easy to separate the substrate 
stage and the projection optical system. 
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[0059] In this case, the exposure apparatus may further comprise a position detector that is fixed on the projection 
optical system and detects the relative positional relation, in six degrees of freedom, between the substrate and the 
projection optical system. In such a case, because, as mentioned above, the reaction to the drive of the substrate 
stage can be prevented from transmitting to the projection optical system, it is possible to precisely detect the positional 
relationship, in six degrees of freedom, between the substrate and the projection optical system by the position detector 
fixed on the projection optical system. 

[0060] When its exposure main portion comprises the substrate stage, the first stage base to support the substrate 
stage, and the projection optical system, an exposure apparatus according to the present invention may further com- 
prise a supporting mechanism that supports the projection optical system to be in a fixed state on the floor surface on 
which the exposure main portion is mounted. In such a case, because the positions/attitudes, in three degrees of 
freedom, of the substrate stage is controllable, by initially adjusting the projection optical system to take a desirable 
position and attitude and having the supporting mechanism support it to be fixed after the initial adjustment, the posi- 
tional relationship, in three degrees of freedom, between the substrate and the projection optical system can be ad- 
justed. 

[0061] in an exposure apparatus according to the present invention, the exposure mam portion may comprise a 
mask stage to hold a mask on which the pattern is formed and a second stage base to support the mask stage to be 
movable as well as the substrate stage, the first stage base to support this, and the projection optical system, and the 
parallel link mechanism may also control the position/attitude, in three degrees of freedom, of the second stage base. 
In such a case, the reaction to the drive of the substrate stage can be prevented from transmitting to the projection 
optical system, and by the parallel link mechanism controlling the position/attitude, in three degrees of freedom, of the 
second stage base, it is possible to precisely adjust the relative position and attitude, in three degrees of freedom (e. 
g Z, ex, Gy), between the mask and the projection optical system with desirable operational-characteristics and high 
rigidity That is, without the Z-tilt mechanism mounted between the mask stage and the second stage base or on the 
substrate stage, it is possible to perform a focus-leveling of the mask stage by using the parallel link mechanism, and 
therefore, the degradation of the pattern image due to the defocus of the mask can be prevented. Especially, when 
the object side of the projection optical system is non-telecentric, the positional deviation of the pattern image and the 
like due to the defocus of the mask can be prevented, too. By making the mask lightweight, it is possible to reduce 
driving force and driving reaction when driving it on the second stage base by, e.g., a linear motor and prevent the 
reaction from transmitting to the projection optical system. Also, it is easy to separate the mask stage and the projection 
optical systenh. 

[0062] In the exposure apparatus according to the present invention, in a case where the parallel link mechanism 
controls the relative position, in three degrees of freedom, between the mask stage and the projection optical system 
by controlling the position/attitude, in three degrees of freedom, of the second stage base, a position detector that is 
fixed on the projection optical system and detects the relative positional relation, in six degrees of freedom, between 
the mask stage and the projection optical system may be arranged. In such a case, because, as mentioned above, 
the reactions to the drives of the substrate stage and mask stage are prevented from transmitting to the projection 
optical system, it is possible to precisely detect the relative positional relation, in six degrees of freedom, between the 
mask stage and the projection optical system by the position detector fixed on the projection optical system. 
[0063] In this case, the position detector may be an interferometer and a mirror, for detecting relative position in 
degrees of freedom X, Y, 9z, on which a measurement beam from the interferometer is made incident may be arranged 
on the mask stage, and a mirror, for detecting relative position in degrees of freedom Z, 9x, ey, on which another 
measurement beam from the interferometer is made incident may be fixed on the second stage base. 
[0064] In this case, in a case where the parallel link mechanism also controls the position/attitude, in three degrees 
of freedom, of the second stage base, the parallel link mechanism may comprise a second base member, at least three 
expandable second rods that link the second base member and the second stage base, and second expansion mech- 
anisms that are arranged in the respective second rods and expand/contract the respective second rods. In such a 
case as mentioned above, it is possible to precisely adjust the relative position between the substrate and the projection 
optical system with desirable operational-characteristics and high rigidity, and the reaction to the drive of the substrate 
stage can be prevented from transmitting to the projection optical system. In addition, by individually expanding and 
contracting the respective second rods by the second expansion mechanisms that are arranged in the respective 
second rods, the position/attitude, in at least three degrees of freedom, of the second stage base is controlled. As a 
result, the relative position, in at least three degrees of freedom (e.g. Z, Gx, 6y), between the mask and the projection 
optical system can be precisely adjusted with desirable operational-characteristics and high rigidity. By making the 
substrate stage and the mask stage lightweight, it is possible to reduce driving force and driving reaction and to structure 
the substrate stage, the mask stage, and the projection optical system such that they can be easily separated. 
[0065] In this case, the parallel link mechanism may comprise a third base member, at least three expandable third 
rods that link the third base member and the projection optical system, and third expansion mechanisms that are 
arranged in the respective third rods and expand/contract the respective third rods. In such a case, upon the initial 
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adjustment of the projection optical system, by individually controlling the expansion mechanisms that are arranged in 
the respective third rods, the initial adjustment can be easily performed. After the initial adjustment, by keeping the 
lengths of the respective third rods by the third expansion mechanisms, the projection optical system can be supported 
and fixed to be in a desirable position and attitude. After that, the relative position, in at least three degrees of freedom, 
s between each stage and the projection optical system can be adjusted by controlling the position/attitude of each stage. 
[0066] in this case, the third expansion mechanism may comprise an air cylinder. In such a case, the initial adjustment 
of the position/attitude of the projection optical system can be easily performed by adjusting the inside pressure of the 
air cylinder. 

[0067] In an exposure apparatus according to the present invention, the first, second, and third base members, which 
io are respectively connected to the first stage base, the second stage base, and the projection optical system respectively 
via the first, second, and third rods, may each be an individual member, or at least two of the first, second, and third 
base members may be one common member. That is, the first, second, and third base members may be one common 
member, or the first and second base members, the second and third base members, or the first and third base members 
may be one common member. 

15 [0068] In an exposure apparatus according to the present invention, at least one of the first and second expansion 
mechanisms, which are respectively arranged in the first and second rods that respectively link the first and second 
stage bases with the first and second base members, may comprise an air cylinder and an electromagnetic linear 
motor that are arranged in parallel or in series with each other. In such a case, at least one of the first and second 
stage bases can be driven coarsely and by larger distances by controlling the air pressure of the air cylinder, and also 

20 finely by the electromagnetic linear motor, and as a result, it is possible to precisely control the position/attitude, in 
three degrees of freedom (e.g. Z, 9x, 9y), of at least one of the substrate stage and mask stage, and then precisely 
adjust the relative position and attitude, in three degrees of freedom (e.g. Z, Gx, 6y), of at least one of the substrate 
and mask with respect to the projection optical system, for a short time. That adjustment is a so-called focus-leveling. 
[0069] In this case, it is preferable that at least one of the first and second rods further comprises a bearing unit that 

25 supports the mover of the electromagnetic linear motor with respect to its stator in non-contact manner. In such a case, 
because friction that works as a non-linear component upon controlling the expansion/contraction of the rod having 
the bearing unit by the expansion mechanism can be avoided, the position/attitude, in three degrees of freedom, of at 
least one of the wafer stage and the mask stage can be more precisely controlled via at least one of the first and second 
stage bases. 

30 [0070] Note that in this case, either of a gas static pressure bearing unit and a magnetic bearing unit can be used 
as the bearing unit. 

[0071] When a gas static pressure bearing unit is used as the bearing unit, it is preferable that a differential exhaust 
mechanism is arranged in its neighbor so that a gas supplied to the gas static pressure bearing unit does not contam- 
inate the gas purity of the atmosphere inside the exposure apparatus. 

35 [0072] in an exposure apparatus according to the present invention, the relative position between at least one of 
both the stages and the projection optical system may be statically adjusted by using the air cylinder, and also a 
controller to suppress vibrations by using the electromagnetic linear motor may be provided. In such a case, it is 
possible to adjust the relative position between at least one of both the stages and the projection optical system via at 
least one of the first and second stage bases and suppress vibrations due to expansion/contraction of each rod. 

40 [0073] An exposure apparatus according to the present invention may further comprise a controller that insulates 
high-frequency vibrations by controlling the current of the electromagnetic linear motor while low-frequency vibrations 
are suppressed by the control of the air pressure of the air cylinder. In such a case, low-frequency vibrations generated 
in each stage base due to the reaction to its drive are suppressed, and besides, fine vibrations from the floor surface, 
high-frequency vibrations, can be insulated. 

45 [0074] In an exposure apparatus according to the present invention, a plurality of stages may be mounted on at least 
one of the first and second stage bases. For example, in a case where a plurality of stages, i.e. substrate stages, are 
mounted on the first stage base, because exchange of substrates, detection of alignment marks of a substrate, or the 
like on another substrate stage can be performed during exposure for a substrate on one substrate stage, the through put 
can be improved compared with the case of a single substrate stage. Furthermore, for example, in a case where a 

50 plurality of stages, i.e. mask stages, are mounted on the second stage base, because the exchange of masks is per- 
formed by exchanging the positions of the mask stages, it is possible to perform multi -exposure such as double expo- 
sure using a plurality of masks with a higher throughput. Especially, in a case where a plurality of the substrate stages 
and mask stages are provided, because exchange of substrates, detection of alignment marks of a substrate or the 
like on another substrate stage can be performed during multi-exposure for a substrate on one substrate stage, multl- 

55 exposure such as double exposure using a plurality of masks can be performed with a higher throughput. 

[0075] In an exposure apparatus according to the present invention, the exposure main portion may comprise a 
mask stage to hold the mask on which the pattern is formed and a stage base to support the mask stage in such a 
way that the mask stage is movable, and the parallel link mechanism may control the position/attitude, in three degrees 
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of freedom of the staoe base In such a case, by the parallel link mechanism controlling the position/attitude, in three 
dea^Weedom ofth^ stage base, the position/attitude, in three degrees of freedom, of the mask can be precise* 
l^tSZSSS ope rational-characteristics and high rigidity. By making the mask stage hghtwerght, ,t Is poss.ble 
to reduce driving force and driving reaction when driving it on the stage base by, e.g.. a l.near motor. 
0076] In S case, the parallel link mechanism may comprise a base member, at least three expandable ods that 
ink the base member and the stage base, and expansion mechanisms that are arranged ,n the respective rods and 
"SrS tractive rods. In such a case, it is possible to precisely adjust the relative P°**™£. a^east 
three dVqrees^of freedom (e.g. Z. 6x, 6y), of the mask stage with desirable operational-charactenstics and h,gh ng.drty 
exuding and contracting the respective rods by the ^^^^Zo^Z i 
respective rods and controlling the position/attitude, in at least three degrees of freedom of «e -^ebase- Also, by 
making the mask stage hghtweight, it is possib.e to reduce driving force and dnv.ng reaction 

[0077] An exposure apparatus according to the present invention may compnse a chamber to conta n at least one 
□art o the exposure main portion in a state where it is sealed from the outside atmosphere and rts attitude , .allowed 
to change tn such a case, rt is possible to make a part of the exposure main portion, which .s supported by the paraMel 
7nk mechanism Ightweight by using the advantages of the parallel link mechanism, and its attrtude can be p ec.se* 
£n*oS ZZ*^^ton^ar**^to* and high rigidity. Furthermore, because the ^amber con,a, n s at 
leTs onVpart of the exposure main portion in a state where it is sealed from the outs.de atmosphere and ts attrtude 
salwed to change, by filling the chamber with nitrogen gas (N 2 ), helium gas (He) or the hke .t ,s pos s.b ^transfer 
a ft e pattern onto a substrate with high resolution using ArF excimer laser light or vacuum ultrav.olet hght such as F 2 

laser liaht whose wavelength is shorter than ArF light. fl 

0078 "This case, it is preferable that a vacuum exhaust system and a gas supply system to purge ^M-- 
nto the chamber are Arranged in the exposure apparatus. In such a case, by having a gas .ns.de the chamber exhausted 
by a vactumfxh ^system and having a non-active gas such as nitrogen gas (N 2 , and ^W-PN>« 
a gas supply system, the gas inside the chamber is replaced by the non-act,ve gas at once and the ,ns,de pressure .s 

mwT L%?slTher"he e exposure main portion comprises the substrate stage and the first stage base to support 
t T prJectic,^ ^^icrsystem the mask stage and the second stage to support it, and the paralle, hnk mechanism 
to adl^hTrsmons/attrtudes in three degrees of freedom, of the first and second stage bases, an exposure , 
atus according to the present invention may further comprise a chamber that comprises a first "^^^^ 
mask stage Z include the second stage base as a part, a second room to contain the projec toon , optical system a 
S room^o" ntain the substrate stag and include the first stage base as a part, and expand^ e^bellow^ m*nb era 
which resoectivelv link the first room and the second room, and the second room and the th.rd room, and seals the 
suSrate sSe the opttel prelection system, and the mask stage from the outside atmosphere In such a case the 
thW 2 S includes the first stage base as a part, contains the substrate stag; a second room contains the 
nmiection optical system- a first room, which includes the second stage base as a part, contains the mask stage, and 
S5S^k222£™ .ink the first room, the second room, and the third room. Therefore rt ,s poss* e o 
adiust the positions/attitudes, in three degrees of freedom, of the first and second stage bases by the parallel hnk 
mTchanlm wtouf any problem. Also, the substrate stage, the optical projection system, and the mask ;< tege are 
^3 me outside atmosphere. Therefore, by filling the ins 

W ZZ it is pcssib.e to transfer a fine pattern onto a substrate wrth high resolution usmg ArF examer laser 
igh or vacuum ultraviolet light such as F 2 laser light, whose wavelength .s shorter han ArF hght 
0080] in this case, it is preferable that a vacuum exhaust system and a gas supply system to purge "°n-act.ve gas 
Kecnalerarearrangedin the -posure apparatus, .n such a case, by having a gas ^ 
by a vacuum exhaust system and having a non-active gas such as nrtrogen gas (N 2 ) and W ™^£^ s ^™ * 
a gas supply system, the gas inside the chamber is replaced by the non-act,ve gas at once and the ms.de pressure .s 

fOOSI r A^oXto thetrrd aspect of the present invention, there is provided a first method of making an exposure 

donees of freedom, of at least one of the mask stage and the substrate stage wrth respect to the optical projection 

«S' According to this, by assembling and adjusting the illumination optical system, the projection optteal system^ 
She mask s^aqe and subs rate stage, the parallel link mechanism to support at least one of the mask stage and the 
subSs^ 

^T^SH stage with respect to the optical projection system are controllable and other various r elements 
m^hanteX. optically and electrically, an exposure apparatus according to the present invention can be made. 
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[0083] According to the fourth aspect of the present invention, there is provided a second method of making an 
exposure apparatus to transfer a pattern of a mask onto a substrate, comprising a first step of providing an mask stage 
to hold the mask; a second step of providing an optical projection system to transfer a pattern of the mask onto a 
substrate; a third step of providing a substrate stage to hold the substrate; a fourth step of providing a first stage base 
5 to support the mask stage to be movable; a fifth step of providing a second stage base to support the substrate stage 
to be movable; and a sixth step of providing a parallel link mechanism to support at least one of the first and second 
stage bases in such a way that relative position, at least three degrees of freedom, of at least one of the first and 
second stage bases with respect to the optical projection system is controllable. 

[0084] According to this, by assembling and adjusting the illumination optical system, the projection optical system, 
10 the mask stage and substrate stage, the first stage base to support the substrate stage to be movable, the second 
stage base to support the mask stage to be movable, the parallel link mechanism to support at least one of the first 
and second stage bases in such a way that relative position, at least three degrees of freedom, of at least one of the 
first and second stage bases with respect to the optical projection system is controllable, and other various elements 
mechanically, optically, and electrically, an exposure apparatus according to the present invention can be made. 
is [0085] In addition, in the lithography process, by performing exposure using an exposure apparatus according to the 
present invention, it is possible to form a multilayer pattern on the substrate with high precision of superposition, and 
therefore it is possible to manufacture a more highly integrated micro device with high yield. Therefore, another aspect 
of the present invention is a method of manufacturing a device using an exposure apparatus according to the present 
invention. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0086] 

25 Fig. 1 is a schematic view showing the arrangement of an exposure apparatus according to the first embodiment; 

Fig. 2 is a planar view showing the structure, some parts of which are not shown, of the parallel link mechanism 
of Fig. 1; 

Fig. 3 is a cross-sectional view showing the first rod 78 t of Fig. 1 , some part of which is not shown; 
Fig. 4 is a schematic view showing the structural model of a driving system so as to explain the principle of the 
30 control of a parallel link mechanism in an exposure apparatus according to the first embodiment; 

Fig. 5 is a block diagram showing a control model for the driving system of Fig. 4; 
Fig. 6 is a view showing a relation between a stationary coordinate and a rod coordinate; 

Fig. 7 is a view for explaining the rod's structural model of Fig. 4 and reactions exerted on the rod and a driven body; 
Fig. B is a block diagram showing the structure of a control system of an exposure apparatus according to the first 
35 embodiment; 

Fig. 9 is a schematic view showing the structure of an exposure apparatus according to the second embodiment; 
Fig. 10 is an oblique view showing the first parallel link mechanism of Fig. 9; 

Fig. 11 is a planar view showing a wafer laser interferometer system to detect the position, in X-Y plane, of the 
wafer stage of Fig. 9; 

40 Fig. 1 2 is a schematic view showing the structural model of a driving system so as to explain the principle of the 

control of a parallel link mechanism in an exposure apparatus according to the second embodiment; 

Fig. 1 3 is a view showing a state that the wafer stage is driven in X-axis direction by the first parallel link mechanism; 

Fig. 1 4 is a view showing a state that the wafer stage is driven in Z-axis direction by the first parallel link mechanism; 

Fig. 1 5 is a view showing a state that the rolling of the wafer stage is controlled by the first parallel link mechanism; 
45 Fig. 1 6 is a view showing a state that the yawing of the wafer stage is controlled by the first parallel link mechanism; 

Fig. 17 is a block diagram showing the structure of a control system of an exposure apparatus according to the 

second embodiment; 

Fig. 1 8 is a flow chart for explaining a method of manufacturing a device using an exposure apparatus according 
to the present invention; 

so Fig. 1 9 is a flow chart showing the process of the wafer process step (step 204) of Fig. 1 8; 

BEST MODE FOR CARRYING OUT THE INVENTION 
«A first embodiment* 

55 

[0087] A first embodiment of the present invention will be described below with referring to Figs. 1 to 8. 

[0088] Fig. 1 shows the schematic arrangement of an exposure apparatus 1 0 according to an embodiment. The 

exposure apparatus 10 is a so-called step-and-scan type scanning exposure apparatus that while illuminating the 
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reticle R as a mask with exposure illumination light EL that is vacuum-ultraviolet, synchronously moves reticle R and 
wafer W as a Tubstra e in a scanning direction (hereafter, defined to be Y-direction that is the lateral direc ion , n Rg. 
7) and transfers a pattern on the reticle R onto a plurality of shot areas on the wafer W through a project™ optical 
svstem PL This exposure apparatus 10 is a so-called scanning stepper. 

[OOmT This exposure apparatus 10 includes an il.umination optica, system .OP that illuminates the reticle R wrth the 
exposure illumination light EL from a light source (not shown), a reticle stage RST servmg as a mask stage for holding 
the rS a projection optical system PL for projecting the exposure i.lumination light EL sent out from the , reWe R 
onto a wafer W, and a wafer stage WST serving as a substrate stage for holding and moving the wafer W in X-Y two 

^TThe^ve iilumination optical system .OP is supported by an illumination-system supporting m^er ("ot 
shown) This illumination optical system IOP includes an illumination-system housing that makes the ns.de airtight 
S, almosphere and is'fil.ed with a low-absorbing gas. which is so clean and non-active as to incite ^afew o 
less than a few percent concentration of air (oxygen), or desirably less than one percent and low in the jfcsonj on of 
Itaht having the wavelength of vacuum ultraviolet, such as dry nitrogen (N 2 ). helium (He), argon (Ar), neon (Ne) and 
krypton KO or a gas in which those gases are mixed. This is because, in the case of using hght having the wavelength 
^vacuum ultraviolet as exposure illumination light, a gas (hereafter, referred to as an "absorphve gas as the need 
arises) Tch aToxygen, steam, and hydrocarbon or related gas, which greatly absorbs light having such a wavelength, 
£S£ : remove^rom the optica, pi. The inside o, the iilumination system housing is 

mentioned above (hereafter, referred to as a "low absorptive gas" as the need arises) and kept to have a one to ten 

52? T;.. P um=X;em a housing houses, as disCosed in. for examp.e. Japanese Patent 
7-142354 and U.S. Patent No. 5,534,970 corresponding thereto, etc., a beam reshap.ng system, a fly-eye lens as an 
optical integrator, a vibration mirror, a collective lens system, a relay lens, a reticle blind mechanism a main con denser- 
2ns system, etc in a predetemMned arrangement. The above disclosures are incorporated herein , by this reference 
as long as the national laws in designated states or elected states, to which this international appl.cat,on is applied, 

WOM] At the backside of the Fig. 1 of the illumination optical system IOP. a fret optical system including an optical 
l sysfem for optica, axis adjustment that is ca„ed a beam matching unit is connected with at 'east one portion of the 
Nomination optical system IOP, and via the fret optical system a light source (not shown) arranged on a floor ^surface 
FdTs connected. As'this light source, for example, a light source to emft iight. of whic the 

of about 120nm to about 180nm and belongs to vacuum ultraviolet region, such as fluonne laser of 57nm as the 
oscillation wavelength (F 2 laser), krypton dimer laser of 146nm (Kr 2 laser) and argon dimer laser of 126nm A 2 laser 
Temp ojed NoteTha! ArF excimer laser, etc., can also be used as the light source. A light soume control er no 
shown) is connected with this light source and controls the oscillation center wavelength of a pulse uttrav.olet light 

emitted from the source, the trigger of the pulse oscillation, a gas inside the laser chamber, etc. 

[0093] riK .rkei.lumina.ion ama on the reticle R that is defined by afixed retfc.e blind (fixed field stop) . .num.nated 
with uniform illuminance by the Nomination optica, system IOP. In 1 his case the slit-like ,num,na.on area ,s set* be 
in the center of a circular projection field of the projection optical system PL shown ,n F,g. 1 and extend in the X-d.rect.on 

(non-scanning direction) with the width in Y-direction (scanning direction) being almost constant. 

lo„94^ incidental this light source could be installed in a utility space provided on thefloor of a room (service room), 
having lower cleanness than a clean room, or the clean room. 

ro0951 The above reticle stage RST is levitated above the upper surface of a ret.cle base level block 1 2, hav ng a 
riang e shape in a planar view and serving as a second stage-base, with a predetermined clearance, for examph* of 
about 5um via a non-contact bearing (not shown; for example an air-pad). This reticle stage RST is scanned n the Y 
direcuon^he scanning direction, within a predetemiined stroke range and can be finely moved on a horizontal p Jane 
Sc^ptene) by a reticle driver 14 (not shown in Fig, 1 ; referto Fig. 8) including a linear motor, etc. The reticle R .s fixed 
on this reticle stage RST by vacuum chucking or electrostatic chucking. 

[0096] On the upper surface of the reticle base .eve. b.ock 12. a bulkhead 16 having a rectangular opening 16a 
which is reduced in size from the reticle R, formed thereon is provided. And this bulkhead 16 and the ret,cle toge >base 
7 2 compose a reticle room 18 as afirst room to house the reticle stage. The bulkhead 16 is made of a mater aL wh«h 
does no^ emit a large amount of gas, such as stainless (SUS). The upper end of the bulkhead 1 6 ,s connected to the 
emLgenToftnelminationsyLmhousing 

air the member 20 being expandable and being made of fluorine rubber that is a chemically clean matenal. 
So97] On the emitting end of the illumination system housing, a transmission window (not shown] , is .a™"9ed such 
that it seals the inside space of the illumination system housing from that of the reticle room 18. Th,s transm.ss on 
windowts arlged in the optical path of exposure illumination light EL that is incident on reticle R from the .l.um.nation 
o^ticarsystom"oP, thereby being made of a crystal material, which has high transmtttance against vacuum u.trav,o.et 
as exposure illumination light, such as fluorite. 
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[0098] On the reticle base level block 12, a rectangular opening, in the cross-sectional view, that is the path of the 
exposure illumination light EL having passed the reticle R is formed. On the reticle base level block 12, an opening 
12a, which is vertically penetrating and has a supporting member for a reticle laser interferometer (described later) 
inserted therein, is also formed. Incidentally, the supporting mechanism and the like of the reticle base level block 12 
s will be described later. 

[0099] The position of the reticle stage RST in the X-Y plane (X position, Y position, and rotation around Z-axis (6z 
rotation)) is measured with a predetermined resolution, for example about 0.5 to 1 nm, via a movable mirror 22R fixed 
on the reticle stage RST by the reticle laser interferometer 24R. In practice, on the reticle stage RST, a X-movable- 
mirror having a reflection surface perpendicular to the X-direction and a Y-movable-mirror having a reflection surface 

10 perpendicular to the Y-direction are arranged, and two reticle interferometers 24Ry 1 , 24Ry 2 for measuring the position 
in the Y-direction and a interferometer 24 Rx for measuring the position in the X-direction are arranged (refer to Fig. 8). 
In Fig. 1 , those are representatively shown by the movable mirror 22R and the reticle laser interferometer 24R. 
[01 00] The bottom ends of the reticle laser interferometer 24R, that is, interferometers 24Ry 1 , 24Ry 2 , 24Rx are fixed 
on the upper portion of the lens-barrel of the projection optical system PL, and the upper ends of those are respectively 

is fixed via the opening 1 2a and similar openings (not shown) to the upper ends of three supporting members 26 that are 
exposed on the reticle base level block 12. 

[0101] The measurement values of the reticle laser interferometer 24R, that is, interferometers 24Ry 1t 24Ry 2 , 24Rx 
are supplied to the stage controller 52 and then to the main controller 50 (refer to Fig. 8). In the stage controller 52, 
according to the average of the measurement values of the interferometers 24 Ry., , 24Ry 2 the Y position of the reticle 
20 stage RST is calculated, according to the difference of those measurement values and the distances between the axes 
of the interferometers the 8z rotation is calculated, and according to the average of the measurement values of the 
interferometers 24Rx the X position of the reticle stage RST is calculated. The stage controller 52 reports those results 
of the calculations to the main controller 50 in real time. 

[01 02] Furthermore, a reflection mirror 28 is fixed to the bottom surface of the reticle base level block 1 2 and a reticle 
25 base interferometer 30 to measure the Z position of the reflection mirror 28 is disposed on a predetermined position 
around the periphery of the upper end of the projection optical system PL. Incidentally, in practice, on the bottom surface 
of the reticle base level block 12, reflection mirrors are fixed to three different position, and a first interferometer 30j , 
a second interferometer 30 2 , and a third interferometer 30 3 are respectively arranged on three positions around the 
periphery of the upper end of the projection optical system corresponding to the three mirrors (refer to Fig. 8). In Fig. 
30 1 , those are representatively shown by a reflection mirror 28 and a reticle base interferometer 30. The first interferometer 
30 1t the second interferometer 30 2 , and the third interferometer 30 3 respectively measure the Z positions of three 
reflection mirrors. The measurement values of these three interferometer 30-,, 30 2 , and 30 3 are supplied to the stage 
controller 52 and then the main controller. The stage controller 52 calculates the Z position, 9x rotation (pitching), and 
8y rotation (rolling) by performing a predetermined computing on the basis of the measurement values of the three 
35 interferometer 30 1f 30 2 , and 30 3 . These results are reported from the stage controller 52 to the main control 50 in real 
time. 

[0103] In the projection optical system PL, an optical system comprising a lens and a reflection mirror made of fluoride 
crystal such as fluorite and lithium fluoride is supported by the lens-barrel. In this embodiment, as this projection optical 
system PL, a reduction system is employed which has, for example, a circular image field and of which the object plane 

40 side and image plane side are both telecentric and the reduction magnification p is, e.g. 1/4 or 1/5. As this projection 
optical system, although a refraction optical system may be used which is composed of only lenses made of fluoride 
crystal, in this embodiment a reflection/refraction -type projection optical system (catadioptric system) is employed. By 
using an scanning exposure apparatus comprising such a reflection/refraction-type projection optical system, it is pos- 
sible to precisely transfer a fine pattern of about 1 0Onm L/S pattern onto wafers even with F 2 laser light having, for 

45 example, the wavelength of 157nm as exposure light. Note that an optical system composed of only reflection optical 
elements may be used as the projection optical system. 

[0104] As the reflection/refraction -type projection optical system, a reflection/refraction system comprising a beam 
splitter and a concave mirror as reflection optical elements, which is disclosed in, for example, Japanese Patent Laid- 
Open No. 8-171054 and U.S. Patent No. 5,668,672 corresponding thereto, and Japanese Patent Laid-Open No. 

so 10-20195 and U.S. Patent No. 5,835,275 corresponding thereto, can be used, or a reflection/refraction system com- 
prising not a beam splitter but a concave mirror, etc., as reflection optical elements, which is disclosed in Japanese 
Patent Laid-Open No. 8-334695 and U.S. Patent No. 5,689,377 corresponding thereto, and Japanese Patent Laid- 
Open No. 10-3039 and U.S. Patent Application No. 873,605 (application date: June 12, 1997) corresponding thereto, 
can be employed. The disclosures in the above Japanese Patent Laid-Opens, U.S. Patent, and U.S. Patent Application 

55 are incorporated herein by this reference as long as the national laws in designated states or elected states, to which 
this international application is applied, permit. 

[01 05] As the reflection/refraction-type projection optica! system, also a reflection/refraction system can be employed 
which comprises a plurality of refraction optical elements and two mirrors (a main mirror being a concave mirror and 
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a sub-mirror that is a back surface mirror of which the refiection surface is formed on the opposfte ^£ 
surface of a refraction element orplane parallel plate) that are disposed along one axis and has the H«m^b Image 
of a reticle pattern again imaged on a wafer using the main mirror and sub-mirror, and is d.sclosed in Japanese Patent 
Lafd SSn nTSSSis and U.S. Patent No. 5.488,229 corresponding thereto. In this reflection/refraction system, 
them?n^ 

liaht oasses through a portion of the main mirror, is reflected by the sub-mirror and the main mirror in turn passes 
Srou^oS thesub-mirror and reaches the wafer. The disclosures in the above Japanese P-™^»£ 
and U.S. Patent are incorporated herein by this reference as long as the national laws in des.gnated states or elected 
Qtflt^s to which this international application is applied, permit. 

SSq int is embod ment. as described above, as a projection optical system, because the reduction optical system 
of the reduction magnification p. e.g. 1/4 or 1/5, is employed, when the reticle R is illuminated with the exposure illu- 
mination S, EL from the illuLation optical system IOP, the reduced image (partially inverted image c acircu t 
pattern in the slit-like illumination area on the reticle is formed on the exposure area, conjugate with the sl.t-hke illumi- 

^^JTjS' embodiment, in a exposure apparatus using a exposure wavelength of vacuum ultraviolet^ 
also a gas inside the lens-barrel of the projection optical system PL has to be replaced by he above non^tive gas 
How absorptive gas) to avoid the absorption of the exposure illumination light by a absorptive gas such a ^oxygerv 
Therefore jn ^present embodiment, the inside of the lens-barre, of the projection optica, system PL .m filled wrth he 
above non-active gas, and the pressure of the inside is set to be at the predeterm.ned value. The method in which the 
gasinsidethe lens barrel ofthis projection optica, system PLis replaced with the above non-active gas will be described 

ISfoS] On a position somewhat below the center, in the vertical direction, of the lens-barrel of the projection ^optical 
system PL a flange FLG is provided. The whole lens-barrel including the flange FLG is covered by a bulkhead made 
of a materia?, which does not emit a large amount of gas, such as stainless (SUS), and a lens room 32 = 
second room to accommodate the projection optical system PL is formed by this bulkhead. In a porfon of the ce.l ng 
ofthe buZLd forming the lens room 32, an opening is formed, and the outside of the opening is connected to the 
rlfclerasefeve btock12 through an expandable bellows-like member34, which is made of fluorine-contained rubber, 
^ Xsfcie is sealed from the atmosphere. Moreover, in the bottom wall of the bulkhead forming the 
ens rol 32 an opening, which is the path for the exposure illumination light EL projected from the projection op** 
system PL to the wafer W, is formed. The outside of the opening is connected to a bulkhead forming a wafer room 
(described later) through an expandable bellows-like member 36, which is made of fluorine-contained rubber, In the 
state where the inside is sealed from the atmosphere. 

OloT On a wafer base level block 38 that is triangle, in a p.anar view, and serves as a first stage base the above 
wafer stage WST is f reeiy driven in the X-Y plane by a wafer driver 40 (not shown ,n Fig. ; refer to F,g. 8) composed 
7a magnetic-levitationipe two-dimensional linear actuator (planar motor) that ,s d.sclosed in for example. U.S. 
PaLTNo 1l 9 745, etc.^e disclosure in the above U.S. Patent is incorporated herein by this reference as long as 
the national laws in designated states or elected states, to which this international application is applied perrnit. 
Sl1u] I The wX W is fixed on this wafer stage WST by vacuum chucking or electrostatic chucking (both are not 

raiTi? A bulkhead 42 on which an opening of a predetermined shape is formed is arranged on the .wafer 
block 38 and a wafer room 44 serving as a third room to accommodate the wafer stage WST is formed by the bulkhead 
42 and th ^afer base level block 38. The bulkhead 42 is made of a material, which does not emit a large amoun of 
gas such as stainless (SUS). Furthermore, as described above, the upper end of the bulkhead 42 is connected to he 
bottomendoftheiensLmkathrough the expandable bellows-likemember36ln the 
from the atmosphere. The supporting mechanism, etc., of the wafer base level block will be described la er. 
01% InThe present embedment, a chamber 46 isolating the wafer stage WST, the proton opticaL ays^ _PL 
and the reticle stage RST from the atmosphere is composed of the reticle base level block J 2 ^ ^"J^^ 
that compose the reticle room 18, a bulkhead composing the lens room 32, the wafer base level bloc 38 1 and he 
bulkhead 42 that compose the wafer room 44. the bellows-like member 36 connecting the lens room 32 and he .ret.de 
?ol 18 andlhe be.,ows-.ike member 20 connecting the reticle room 1 8 and the iHumination optica. 
to F?g 1 Like the present embodiment, in the case of employing light having a wavelength in urfrav.olet reg on as the 
exposure illumination light, the above absorptive gas such as oxygen has to be removed from the optica 
fore the inside of the chamber 46, that is, the reticle room 1 8. the lens room 32, and the wafer room 44 .s filled with a 
low 'absorptive gas, for example helium, to set the inside pressure at a predeterm.ned value. Klll „ h(1Qri 
0113] ™swTl.beelaboratedbelow.Oneendofafirstpipe48madeofaflexibletube.sconnect^ 
6of the reticle roomlBcomposing the chamber 46 and the other end of the firstpipe 48 ,s connected to^-scharge 
opening of a helium gas supplier (hereafter, referred to as a "gas supplier") 54. and the one end of a secon I pipe 56 
made of a flexible tube is connected to the bulkhead of the wafer room 44 composing the chamber 46. and the other 
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end of the second pipe 56 is connected to the inflow opening of a channel switching unit 58 comprising the channel 
switching valve (three way valve) composed of an electromagnetic valve. The first outflow opening of this channel 
switching unit 58 is connected with the return opening of the gas supplier 54 via a third pipe 60. Furthermore, the 
second outflow opening of this channel switching unit 58 is connected with a turbo molecular pump 66 and then a dry 

5 pump 68 via pipes 62, 64. 

[0114] The above gas supplier 54 has a gas container containing helium gas that is so clean as to contain less than 
one percent concentration of oxygen. First and second pumps are provided respectively on the discharge opening side 
(exit side) and return opening side (entrance side) of the gas container. A temperature adjustment unit (not shown) 
controls the helium gas inside the gas container to be kept at a predetermined target temperature. Moreover, a chemical 

10 filter, air filter, etc., are arranged around the return opening. 

[01 1 5] The method of replacing the gas (air) inside the chamber 46 with helium will be briefly described below. Note 
that the operation described beiow is performed while the main controller 50 (refer to Fig. 8) described later is monitoring 
the output, etc., of a pressure sensor (not shown). 

[0116] First, the channel switching valve inside the channel switching unit 58 is switched to the side of the turbo 
15 molecular pump 66, and then the dry pump 68 is turned on to vacuum the inside of the chamber 46. Next, after the 
inside of the chamber gets to be at a predetermined first vacuum state, the turbo molecular pump 66 is turned on and 
simultaneously the dry pump 68 is turned off to further vacuum the inside of the chamber 46. After the inside of the 
chamber 46 gets to be at a predetermined second vacuum state of, e.g., less than 0.1 hPa, the channel switching valve 
inside the channel switching unit 58 is switched to the side of the gas supplier 54 and simultaneously the turbo molecular 
20 pump 66 is turned off. By the above lowering of the pressure, the absorptive gas such as oxygen is removed from the 
inside of the chamber 46. 

[0117] Next, a charging valve (not shown) in the gas supplier is opened and simultaneously the first pump is turned 
on to start the supply of helium gas from the gas supplier 54 to the chamber 46. Then after the pressure inside the 
chamber 46 reaches the predetermined value after a predetermined time since the start of the supply, the charging 
25 valve is closed and simultaneously the first valve is turned off. 

[0118] In such a way, the replacement of gases inside the chamber 46 is performed, and the inside of the chamber 
46, more specifically, the reticle room 1 8, the lens room 32, the wafer room 44, and the inside of the lens-barrel of the 
projection optical system PL is filled with helium. 

[0119] Note that in the present embodiment, as is obvious seeing Fig. 1 , the supply system of helium gas is a circu- 
30 lation system having the circulating path for helium gas and is economical. In this case, there is a high possibility of 

helium gas, which returns to the returning opening of the gas supplier 54, containing particles or chemical impurities, 

but as described above, the chemical filter, air fitter, etc., arranged around the returning opening remove them, and 

highly clean helium gas, which is chemically clean and has almost no particles, returns to the inside of the gas container. 

[0120] The position of the wafer stage WST in the X-Y plane (X position, Y position, and 9z rotation) is measured 
35 with a predetermined resolution, for example about 0.5 to 1nm, via a movable mirror 22W fixed on the wafer stage 

WST by the wafer laser interferometer 24W that is suspended from and supported by a supporting member 70 below 

the lens-barrel of the projection optical system PL. 

[0121] Incidentally, a reflection surface may be formed on a predetermined portion of the upper surface of the wafer 
base level block 38 by performing mirror-process and a wafer base interferometer for measuring the Z position of the 
40 reflection surface may be fixed on the lower side of the wafer laser interferometer 24W. 
i [0122] In this case, in practice, on the wafer stage WST, a X movable mirror having a reflection surface perpendicular 

to the X-axis and a Y movable mirror having a reflection surface perpendicular to the Y-axis are arranged, and two 
wafer interferometers 24Wy.j , 24Wy 2 for measuring the position in the Y-direction and a interferometer 24Wx for meas- 
uring the position in the X-direction are arranged (refer to Fig. 8). The measurement values of the wafer laser interfer- 
es ometer 24W, that is, interferometers 24Wy 1 , 24Wy 2 , 24Wx are supplied to the stage controller 52 and then to the main 
control 50 (refer to Fig. 8). In the stage controller 52, according to the average of the measurement values of the 
interferometers 24Wy 1 , 24Wy 2 the Y position of the wafer stage WST is calculated; according to the difference of those 
measurement values and the distances between the axes of the interferometers the 0z rotation is calculated; and 
according to the average of the measurement values of the interferometers 24Wx the X position of the wafer stage 
50 WST is calculated. The stage controller 52 reports those results of the calculations to the main controller 50 in real time. 
[0123] Meanwhile, the z direction position of the wafer with respect to the projection optical system as a reference 
is measured by a focus sensor 73 that is fixed on the lensrbarrel of the projection optical system PL and uses an oblique 
incident-light method. This focus sensor 73 is, as shown in Fig. 1, composed of a sending light system 73a, which is 
fixed on the periphery of the lens-barrel of the projection optical system and illuminates the surface of the wafer W with 
55 a detection beam in a oblique direction, and a receiving light system 73b, which is fixed on the periphery of the lens- 
barrel of the projection optical system and receives the detection beam reflected by the surface of the wafer W. In this 
case, the sending light system 73a and the receiving light system 73b are both so disposed that they form an angle of 
45 degrees with respect to the X-axis and Y-axis. As this focus sensor, a multiple focal position detection system is 
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emp.oyed which is disclosed in. for example. Japanese ^^^^^^^Cor^ 
Patent No. 5.448,332. The disclosures in the above Aa P a ^J^l^^^ ta ^ t0 whlch this international 

h. i.lMlv. po.«ion. in Z. W, «nd 6y directions, ol "J"" S2S£2 ana 6y reMi.n (ft. .mnunt 

.re reported from tire rage aontrell.r 52 » lire renin «M K tta* 12. th. prol*»lon opfeal 

5.126] Th. p«IW »nk rreKttt.ni.rn 74 core,™*. .. . frerU H^EToSw. th. pr»«i»n and 

degree „. w. z. ex. <,, o, ,h. rarer «;» ^™:^ , „ w M M. 

is.rnd=^^^^^^ 

ko thatcan relatively move alongtheiraxisKiirecdon.andtheoneen^ 

Member 79 9 a cavity 82 that is shaped ft. a cyl. ^£**X£S£ ^hL a end 1 pipe 9 86, which 
inside of this cavity 82 a bellows-type air cylinder 84 ,s contam^This air cylinder 84 conne cted to 

is one portion of an air pressure circuit (not shown). ~"^£ES22 J ^pp Hed from the air pressure source 
an air pressure source. And by controlling the "^^^^^K 1 a pls ton 84A is moved back 

I^aC^ 

piston 84A in the state of being embedded in the parallel Jj^^Tj^ 79 an armature unit 88 composing 
[01301 Moreover on the other end inside , *e \™ ™ and composed of a plurality of 

^coi^^ 

gST^SS*. the second axis member 80 has a tube,i k e 

members, and an attachment member 80b provided on the .«m end (right end ,n ^. 3). in h^ ax s d ^ 
tud,naldirection).ofthis mover-yoke 80a. On meperipheryof^ 

magnetic body 89 composed of a plurality «f™^"*£^ is composed of the mover- 

ln this case, a holiow, columnar magnetic pole ^^J^^Tv^^^^n^,^ are arranged 
yoke 80a and the magnetic body 89. The magnet c ^f^^^^^^ magnet magnetized in the 
It a predetermined distance along the ^ 

boring first-magnets' poles are facing | outwa rd Is. maanetic clrcuit (or close magnetic circuit) having a pitch (L) 

&=n^M 

[0122] in th. M motor 92 corepondd in tlti. ray. wtt.n .ivpfrngt "JJ^SS STZJ-BO Irel.*,* 
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reaction, between the magnetic pole unit 90 and the armature unit 88. 

[01 34] That is, in the present embodiment, the above air cylinder 84 and shaft motor 92 relatively drive the first axis 
member 79 and the second axis member 80 in the axis-direction, and constitute a first expansion mechanism 94-, that 
expand the first rod 78 v 

5 [0135] Furthermore, on the inside surface of the first axis member 79 constituting the first rod 78 1p a plurality of air 
pads (air static pressure bearing unit) 96's serving as gas static pressure bearing units are arranged. The gas static 
pressure bearing unit is a bearing unit that supports the magnetic pole unit 90 serving as a mover of the above shaft 
motor 92 in no n -contact manner with respect to the armature unit 88 as a stator. Each air pad 96 has an air pressure 
circuit (not shown), which is connected to an air pressure source (not shown) via an air supply path 98 and air supply 

10 tube 99, connected thereto. And via the air pressure circuit, the pressure of a compressed air supplied from the air 
pressure source is controlled, and the compressed air having a predetermined pressure is blown out from each air pad 
96 toward the periphery of the magnetic pole unit 90. Then by the static pressure of the compressed air, so-called gap- 
inside pressure, the magnetic pole unit 90 is supported in non -contact manner with respect to the armature unit 88. 
[0136] Therefore, a friction that is non-linear component is avoided when controlling the expansion/contraction of 

15 the first rod 78 1 , where the air pad 96 is arranged, by the first expansion mechanism 94.,. 

[0137] Furthermore, in the neighbor of this air pad 96, a differential exhaust mechanism (vacuum exhaust mecha- 
nism) 400, which is connected to a vacuum pump (not shown), is arranged. This differential exhaust mechanism 400 
prevents an gas blown out of the air pad 96 from contaminating the gas purity of the atmosphere inside the exposure 
apparatus (e.g. helium gas atmosphere) by differentially exhausting the air blown from the air pad 96. 

20 [0138] Incidentally, the above shaft motor 92 also functions as a kind of magnetic bearing by controlling the phase 
of the driving current. However, considering the effect of the gravity exerted on the second axis member 80, the above 
air pad 96 is arranged. Therefore, instead of the above air pad, a magnetic bearing unit may be employed as the 
bearing unit. 

[0139] Note that although not shown in Fig. 3, a linear encoder 95 1 is arranged which uses a Hall device to detect 
25 the amount of movement of the magnetic unit 90 with respect to the armature unit 88 and that the output of the linear 
encoder is supplied to the main controller 50 (refer to Fig. 8). 

[0140] The other first rods 78 2 , 78 3 are constituted in the same way as the first rod 7B, and have first expansion 
mechanisms 94 2 , 94 3 and linear encoders 95 2 , 95 3 that are respectively the same as those of the first rod 78 1 (refer 
to Fig. 8). 

30 [0141] Moreover, the second mechanism comprises a second base member 1 02 provided on the floor surface FD 
of a clean room and three expandable second rods 1 04 n , 1 04 2 , 1 04 3 that each connect the second base member 1 02 
and the reticle base level block 12. As shown in Fig. 2, the second base member 102 comprises a basis 102a and 
three extended portions 1 02b that extend upward from the three positions of the basis 1 02a and have the same height. 
[0142] The second rods 104 1t 104 2 , 104 3 each have a first axis member 106 and a second axis member 108 that 

35 are relatively movable along their axis, and one end (lower end) of the first axis member 1 06 is attached to a position 
of a predetermined height near the upper end of the corresponding extended portions 1 02b so as to be rotatable around 
a supporting axis 110, being a bolt or pin, as a center. And in the same way, one end (upper end) of the second axis 
member 1 08 is attached to the reticle base level block 1 2 so as to be rotatable. These three second rods 1 04 1 , 1 04 2 , 
104 3 are so arranged that they are respectively opposite with the first rods 78^ , 78 2 , 78 3 in the planar view as shown 

40 jn Fig. 2. 

[0143] Furthermore, the second rods 104.,, 104 2 , 1 04 3 respectively comprise second expansion mechanisms 112 1 , 
1 1 2 2 , 1 1 2 3 , which are composed in the same way as the first expansion mechanisms 94., of the first rod 78 1 , and linear 
encoders 95 4 , 95 5 , 95 6 (refer to Fig. 8). Also, in the second rods 104^ 104 2 , 104 3 , air pads are arranged in the same 
way and for the same purpose as the first rod. 

45 [0144] The third mechanism comprises three third base members 114 1( 1142, 114 3 (refer to Fig. 2) that are respec- 
tively arranged outwards next to the three first base members 76 1( 76 2> 76 3 on the floor surface FD of a clean room 
and three expandable third rods 118! , 11 8 2 , 11B 3 that respectively connect three third base members 114 1t 114 2 , 114 3 
with an attachment stage 116 provided on the outside of the bulkhead containing the projection optical system PL. 
[01 45] The respective third rods 1 1 8 1( 118 2 , 11 8 3 have a first axis member 1 20 and a second axis member 1 22 that 

so are relatively movable along their axis, and one end (lower end) of the first axis member 120 is attached to the corre- 
sponding third base member 114 so as to be rotatable around a supporting axis 124, being a bolt or pin, as a center. 
And in the same way, one end (upper end) of the second axis member 122 is attached to the attachment stage 116 
so as to be rotatable. 

[0146] The third rods 1 1 8 1p 11 8 2 , 118 3 respectively comprise third expansion mechanisms 126.,, 126 2 , 126 3 , which 
55 are composed in the same way as the first expansion mechanisms 94-, of the first rod 78-, , and linear encoders 95 7 , 
95 8 , 95 9 (refer to Fig. 8). Also, in the third rods 118 1 , 11 8 2 , 118 3 , air pads are arranged in the same way as the first rod. 
[0147] Expansion mechanisms of rods 94^ to 94 3 , 112^0 112 3 , 126<, to 126 3 that constitute the parallel link mech- 
anism in the way described above are controlled by the main controller 50 via the stage controller 52 (refer to Fig. 8). 
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[014B, ,n - present embodiment, -.^^^ 

example, employedto Initially set the position and attitude of *»P»J~ on ^ ^ , ts necessa ry Information for 
apparatus 10 after the completion of its ^assembly m. '^ Q ™ Session mechanisms 126,, 1263. 

third mechanisms have will be described below. fiChem aticallv in Fig. 4, including a stationary member T, 

[0151, As such a driving ^^V^VmZ tSSSZ Includes a stator side member RM1 and a 
a driven body S, and expandable rods RD, (u one to tnree) ea jo membe rT and three points B, (1= 

mover side member RM2 and links three points A, (1= Z (i= one to three) these points are 
one to three) of the driven body S. Note that in the f^f^^^jjj^ tri angle to be an origin O, 
placed at vertices of an equiiatera. triangle and that a sett.ng the ~nter of the eq , ^ ^ ^ ^ 

a stationary coordinate system XYZ « so del ned *^^S2-K«l"*v^ rf "«^^ 

RM2 of the rod RD|. 5 b| k d i ag ram, controls the position and 

S5 [0152] in the present embodiment a ^J^££f*i - n L manner described be.ow. 

attitude in three degrees of freedom 6x 6y Z which m * .own i in I P.g.4 in on 304 are sett0 current 

[0153] First, initial values of a positton/atttude-setting portion 306 and Is rveloctty * e 9 p |es (dex/dt> dey/d t, 

SJ of the position and attitude (Ox, 6y, Z) |" »2SSiISS^« are set to acceleration values (d^Ox/ 
dZ/dt) of a driven body S, and initial ™^° ian * cce ^°' Xde Atter *at until a new initial setting, only the ac- 
30 dt 2 ,dWdt 2 .^Z/dt 2 )forthe control of a des.rable pos,^^^ 

ce.eration-settingportion 302 is updated t™^^ 6 ^ 

SS andlne integral of veiocrty vaiues from the ^^Jj^ ^ acce.eration-setting va.ues of the ac- 
35 [0154] At each time, a reverse-dynamo anatyz.ng portion^ f°S2^ng portion 304, and the position/attitude- 
celeration-setfing portion 302, the <f"***-"^£ ^JTlSSSJ and Inputted thereto, and based on 

SonS 

4 o [^rThTr^e-dynamics analyzing portion 308 performs kinematics, anatyses regarding the position/attitude, 
velocity, and acceleration. These will be ^J***™™"™?^ vector is represented by an expression, vector 



45 < The analysis of position/attitude> 



[0157, in the analysis o, position/attitude, the length , anc .the expansion/contraction direction of each rod RD, are 
obtained based on the position/attitude setting va ues (Ox Gy, Z). one , 0 

(3). 

(3) 



55 
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the position/attitude setting values ex, 8y, Z, Eulerian angles may be used and in such a case, the expression for 
equations of motion described later becomes simple. 

[01 60] Then using a vector bj obtained from equation (3), a vector r, from A, to B, is calculated by the following equation 
(4). 

5 

7^p+i\-ai (4) 

[0161] Note that the vector p is, as shown in Fig. 4, a vector from the origin O of the XYZ coordinate system to the 
10 origin P of the UVW coordinate system, that in the XYZ coordinate the Z component of the vector p is determined by 
a position setting value Z in the position/attitude-setting portion 306, and that its X component and Y component are 
known (constant; e.g. both are zero in the case of the point p being just on the point O). Also, a vector aj is the position 
vector of the point Aj in the XYZ coordinate system and a known constant vector. 

[01 62] Next, by the following equations (5) and (6), the length D, of each rod RD, and a unit vector s, in the expansion/ 
1 5 contraction direction of each rod RD, in the XYZ coordinate system are obtained. 

(5) 



20 



45 



Si=n/D, (6) 



[0163] Incidentally, the reverse-dynamics analyzing portion 308 finally determines the thrust in the expansion/con- 
traction direction of each rod RD, and because the rotation of the rod RD, is generated by the expansion/contraction 
25 of the rod RD,, it is convenient to employ a rod coordinate system, for each rod RD,, having the expansion/contraction 
direction of the rod RDj to be its one-axis so as to easily express the rotation of the rod RD,. Therefore, in the present 
embodiment, as having a X,Y,Z, coordinate system shown in Fig. 6 represent the rod coordinate system for each rod 
RD,, the following definitions are made. 

[0164] That is, definitions are made that a X{Y{Z{ coordinate system is a coordinate system where its axes are 
30 respectively parallel to those of the XYZ coordinate system and its origin is a point A,, that the Z,' direction and the 
expansion/contraction direction of the rod RDj form an angle y,, and that the X{ axis and an intersection line between 
the Xj'Yj' plane and a plane, which is formed by the Z, 1 axis and the expansion/contraction direction axis of the rod RD,, 
form an angle <J>,. Moreover, definitions are made that a X, ,, Y, ,, Z i w coordinate system is a coordinate system obtained by 
rotating the Xj'Yj'Z,' coordinate system around the Z,' axis through the angle and that a X,Y,Z, coordinate system 
35 obtained by rotating the X|"Y|"Z" coordinate system around the Yf axis through the angle' vi is an individual rod coor- 
dinate system for the rod RD,. 

[0165] Between the angles y,, <J>, and the components (s, x s,y s, z ) of the unit vector S, in the XYZ coordinate system, 
the following equations exist. 

40 

c o s 4 ,=S , z (7) 

sinO l =(s lx 2 + s IY 2 ) 1/2 (8) 
s i n = s iY /s i n <|>, (9) 

so cos<j> |= s jX / s i n 0 i (10) 

[0166] Moreover, a rotational transform matrix AR, from the XjYjZ, coordinate system to the XYZ coordinate system 
is given by 
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ARj = 



cos^, • cos iff, - sin0, cos^ • sin yr, 
sin# • cos iff, - cos^ ( sin^ • sin 
-sin^, o cosv, 



...(11) 



w form by the rotational transform matrix AR,. is a transposed matnx. 
<The analysis of velocities> 

[0 16 B, ,theana,ysisofve.oc,tles^^^^^^ 
« settJngvaiues.theve^ 

system and the X^Z, coordinate system and the angular veiocuy veoi 

S5J ve.oc lty -vector vb, in the point B, viewed in trie XYZ coordinate system is obtained by 

— — — u* (12) 
20 vbi = v p + (flpXb, 

[01701 Notethatthevec1orV pte th^^ 

system, that X component and Y component of the vector V ^^M^mSm in the velocity setting 
2S in the X direction and Y direction, and that its Z component „ the vetoty sjhng va. ^ ^ 

portion 304. Also, a* represents the angular velocity vector of | Jven J d6x/dt de ^ /dt in the ^city. 

L X component ana\ component respectively represent ^^^SS^. its Z component is zero, in 

setting portion 304. Also, because the dnven body S does not ^ . • jnner oduct operation . 

equation (12) and below equations. V represents an °^P^ ° P ^°" nate system is obtained by 
so [0171] Next, a velocity vector .vb, of the pent B, v.ewed .n the X.YZ, coord.nate sys 



„ _» (13) 

.vb, = |RA • vb, 



in the X,YiZ, coordinate system. 

(14) 



40 



45 



SO 



[0174] And a angular velocity vector ^ 



f s n RA . s, 

of the rod RD-, viewed in the X.Y.Z, coordinate system is obtained by 



< The analysis of acceleration> 

nection point B„ of each rod RD, are o^** XYZ coordinate system is obtained by 

[0176] Next, the acceleration-vector in the point B, viewed in ine a i- 

^ = T p + p7 x 5 + »p * (<°» * ^ 



20 



EP1 137 054 A1 



10 



15 



the X direction and Y direction, and that its Z component is the acceleration setting value d 2 Z/dt 2 in the acceleration 
setting portion 302. Also, p p represents the angular velocity vector of the driven body S in the XYZ coordinate system, 
and its X component and Y component respectively represent angular-acceleration setting values d 2 ex/dt 2 , d 2 6y/dt 2 
in the acceleration-setting portion 302. Also, because the driven body S is not driven about the Z-axis, its Z component 
is zero. 

[0178] Next, a velocity vector ,abi of the point Bj viewed in the X,Y,Z, coordinate system is obtained by 

pb ri RA - oTSJ (17) 

[01 79] Note that the Z, component of vector ,ccb, represents the expansion/contraction acceleration otR| of the rod RD,. 
[0180] Next, an angular-acceleration vector ,p, of the point B, viewed in the X,Y,Z, coordinate system is obtained by 

,"ft= (fix pfy/D r 2VR t • ^/D, (18) 



[0181] Incidentally, each rod RD, is composed of the stator side member RM1 and the mover side member RM2. 
Assume that the structure of the stator side member RM1 and the mover side member RM2 is the one shown in Fig. 
7. That is, the mass of the stator side member RM1 and the mass of the mover side member RM2 are respectively 

20 represented by ml and m2. Also, assume that the gravity center of the stator side member RM1 is located at the 
position of distance L1 from the point A, in the direction from the point A, to B f and that the gravity center of the mover 
side member RM2 is located at the position of distance L2 from the point Bj in the direction from the point B; to A,. 
[0182] In this case, an acceleration vector ,cc1,, in the gravity center, of the stator side member RM1 and an accel- 
eration vector ,a2,, in the gravity center, of the mover side member RM2 viewed in the XjYjZ, coordinate system are 

25 obtained by the following equations (1 9), (20). 



30 



35 



pLl^U'fi^-LA-ftiifXi^iXfSf) (19) 

+(D r L2).^x(^x^) 

+2VR r {Q i Xfr (20) 



[01 83] After the completion of the analyses of the position/attitude, the velocity/angular-velocity, and the acceleration/ 
angular-acceleration as described above, as shown in Fig. 7, by virtually dividing the driven body S and the rod RD, 
at the point B,, the system is decomposed into a driven body system and open loop rod system. 
40 [0184] And considering each rod RD, as a sub-system, an equation of motion about A, for the rod RD, is given by 

"ftX=d(fiX)/dt (21) 

45 [0185] Note that the vector ,n,A, is a moment vector about the point A, of the rod RD, and that the vector ,h,A, is a 
angular moment vector about the point A, of the rod RD,. 

[0186] Incidentally, as shown in Fig. 7, viewing in the X,Y,Z, coordinate system, a reaction ,fa, (,fa xl , jfay,, ,fa zj ) acting 
on the rod RD, is generated at the point A, and a reaction {-,fb, (-,fb x ,, -,fb Y |, ~i fb zi) acting on the rod RD, is generated at 
the point B,. And a reaction ,fb, is generated at a point of the driven body S corresponding to the point B,. 

50 [0187] The values ,fb xl , ,fb Y j that are respectively X, axis component and Y, axis component of the reaction acting on 
the point B, and the point of the driven body S corresponding to the point B, are obtained on the basis of the results of 
the above reverse-dynamics analysis of the position/attitude, the velocity/angular velocity, the acceleration/angular 
acceleration, the mass ml of the stator side member RM1 , the mass m2 of the mover side member RM2, and a gravity 
acceleration regardless of the mass of the driven body S. Also, the value ,fb z , that is Z, axis component is obtained by 

55 resolving a translation motion equation of the driven body S viewed in the XYZ coordinate system (22) and a rotatory 
equation (23). 
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£ (Ajb,) + m p -g = mp a p 



(22) 



10 



15 



20 



25 



30 



35 



40 



45 



Bn^^iBbrBJb,) -(23) 
[01881 ThevectorAf^areac^^ 

the XYZ coordinate system and given by the following equahon (24). 

„ . (24) 

Afb,=AR r /b, 

M ^representsthen^^^^^ 

JSTuK coordinate system and given by the foliowing equat.cn (25). 

, (25) 

= (ARB)" 1 • AR { • //>, 

in three degrees of freedom ex, 6y, Z, an equation ^^^J , =one t0 tnree) . 

the rods RDj according to 

i , = , f b 2i + m2 • g c • c o s 4>, +m2 • i a2 Zi 

SfS, *. h ougn,nthe^ 

Euler method is described, the instructmg value of J^^J^Si are put together into Jacobian matrices, 
method, in the d'Alembert method, the , ^^^^^^ ved fro m the equations of motion. Therefore, 
and forces of constraint and moments of N «^ u ^^ d °^^^ Atemb e rt method will be briefly described 
it is more efficient than Newton/Eule, -method , pnrtc.1, ,«* ^J^™* metnod . 

below. Note that symbols represent he same h ng « those ° f ve .ocity/angu.ar velocity, and acceler- 

[0195] First, in the same way as Newton/Eulen ^ho^the posmo n/aro , ^ ^ ^ ^ uyw 

srr;« - ^ *° xyz coordinate system that satisfy ,he fo,,owin9 

equation (27) is calculated. 

(27) 



vbi= Jb r va p 
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velocity/angular velocity by using an equation equivalent to the equation (12). 

[01 99] Next, Jacobian matrix ,Jb, of each rod RD, regarding the X,Y,Z, coordinate system is calculated by the following 
equation (28). 

fJb, = i RA • Jb f (28) 

[0200] By using Jacobian matrix fJb,, from the velocity vector vap in six degrees of freedom in the XYZ coordinate 
system, velocity vector ,vbj of the point B| viewed in the X,Y,Zj coordinate system is obtained from the following equation 
(29). 

^ = / JVvflp ( 29 ) 
[0201] Next, a driven body's Jacobian matrix JP is obtained from the following equation (30). 

V^= JPv* p (30) 

[0202] The driven-body' s Jacobian matrix JP is obtained on the basis that Z, component of vector ,vbj is the expansion/ 
contraction velocity vector VR, of the rod RD,. 

[0203] Incidentally, considering that the gravity acts on the driven body S, a applied-force vector fS p and an inertia 
torque tS p exerted on the gravity of the driven body S are obtained from the following equations (31) and (32) as 
representing an inertia matrix around the gravity of the driven body S in the XYZ coordinate system by Al p . 

m p - g- m p - o£ (31) 

tS^-Alp- £-5£ x(At p ^) (32) 

[0204] The resultant of the applied-force vector fS p and inertia torque tS p is represented by vector T p in the below. 
[0205] In the same way as the driven body S, the resultant ,T1 ,, in the X,Y,Z, coordinate system, of the applied-force 
vector and the inertia torque that act on the gravity of the stator side member RM1 composing the rod RD, and the 
resultant ,T2,, in the X,Y,Z, coordinate system, of the applied-force vector and the inertia torque that act on the gravity 
of the mover side member RM2 composing the rod RD, are obtained. 

[0206] Next, using the instructing value x, of thrust for each rod RD, as a parameter and employing driven-body's 
Jacobian matrix, an equation of motion is established. And by solving that equation, the instructing value x, of thrust 
for each rod RD, is obtained. Note that the instructing value x, of thrust can be calculated by applying Gauss elimination 
to the equation of motion. 

[0207] That is, the instructing value x, of thrust depends on the reverse transform of the driven-body's Jacobian 
matrix. Therefore, because, when the driven body comes close to a singular point of the reverse transform, a value 
calculated as the instructing value x, of thrust becomes unstable, it is necessary to monitor the amount of the expansion/ 
contraction, and velocity and acceleration of each rod RD, all the time. 

[0208] As described above, a voltage conversion portion 31 0 converts the instructing value x, of thrust for each rod 
RD, obtained by the reverse-dynamics analyzing portion 308 into a voltage supplied to each rod RD,. The voltage is 
supplied to the electromagnetic actuator (corresponding to the shaft motor 92 in Fig. 3) of each rod RD, via a voltage 
adder 322 and first-order delay portion 31 2. And by the rod RD, expanding or contracting according to the voltage, the 
driven body 316 (i.e. the above driven body S (corresponding to the wafer base level block 38, etc.)) is driven in three 
degrees of freedom 8x, By, Z. 

[0209] Note that taking into account time delay in the delay portion 312 and the driven body 316, a controller 318 
generates and supplies a voltage according to the difference between the position/attitude setting values in the position/ 
attitude setting portion 306 and the position/attitude values measured by a stage system sensor 320 (corresponding 
to the focus sensor 73 in Fig.1) to the voltage adder 322. Furthermore, taking the above time delay into account, a 
controller 324 generates and supplies a voltage according to the difference between the length of each rod RD, calcu- 
lated by the reverse-dynamics analyzing portion 308 and the length of each rod RD, measured by a rod system sensor 
326 (corresponding to the linear encoder 95) to the voltage adder 322. By this compensated voltage for each rod 



23 



EP 1 137 054 A1 



5 



th. L»kMh««M P"*>" 302. the »«oolt,^.t»ng £ ^^S. 3«. 324 and control 

shown), an off-axis alignment sensor 

etc.) of a wafer W using thee- ^^^^^Xe^elZ^ of such as reticie alignment and 
areas on the wafer are obtained. Incidentally, the details 01 me au K ,, AQ9q , , o Patent No 5 2 43,1 95 corre- 
base line measurement are disclosed in Japanese Patent ^^^^ U ^SS^ No. 61-44429. 
spending thereto, and the like, - dth °<«^^ Japanese Patent Laid- 

^u^^r r - - - s - states 

or elected states, to which this international applica « on te ^^^ e sXaQ& conM S2 moves the reticle stage 
24Rx, and the reticle is positioned at a scanning start position in ttie Y fraction. . ^ wafer ^ 

a^s==a'=s=^ 24Wx - and a - 

spending shot area on the wafer is positioned at a panning reticie 

0217^ Next, according to the instructions jom £ n-n ^JHISSSI* stage RST each in an 
WST by one row of shot areas in the X ^^Tc^sscZTa exposure onto other shot areas on the wafer, 
opposite direction to their previous direction, and partem* *» ' n "^xpo fc bas|s of tne me asure- 

[0218] During the above scanning exposure, using the above dnv ng control on the expansions / 

Snent results of focus and ieveling in the exposure are, > on ^ to £*r. £Hrn*«nm ^ m( £ nanisms 
contractions of the first rods 78, to 78, via the W ^^ a ^™^ ln tnr ee degrees of freedom Z, 
94, to 94 3 composing the parailei link mechanism J 4 J?^°^°Te^ure areas are kept within the range 

images due to def ocus as much as possible. principle, on the basis of 

[0219] Furthermore, during the above scanning tne Lge unit 52 in real time. 

Ihe position/attitude detection information of the ^J^^^^JSSSlon mechanisms 11 2, to 112, 
the main controller 50 feedback-controls the stage co "troHer 52 the second rods 104 t0 ^ 

composing the parallel .ink mechanism 74. and control the «*%£ZS£?S£ block 12 to keep theU^ 
and the position/attitude, in three degrees «™^^^^™J£ llbta state all the time. That is, in this 
attitude, in three degrees of freedom Z. ex. By, of the ret Ida stage RST at a desm* rst 

way. the main contro.ler 50 M-»J* ~ SS^3SSSS.S«hi movement ofthe reticle 

ioX r t=^ 
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the position/attitude, in three degrees of freedom ex, ey, Z, of the wafer stage WST levitated above the wafer base 
level block 38 can be precisely controlled with desirable operational-characteristics and high rigidity. That is, in the 
exposure apparatus 10 without a Z-tilt driving mechanism on the wafer stage WST, by the expandable first rods 78^ 
to 78 3 , the Z-tilt driving of the wafer W held on the wafer stage WST and the relative position, in three degrees of 

5 freedom ex, ey, Z, of the wafer with respect to the projection optical system PL, i.e. focus leveling, can be precisely 
controlled with desirable operational-characteristics and high rigidity. In this case, the three first rods to 78 3 support 
the wafer base level block 38 to be independent of the projection optical system PL. Therefore, even when the wafer 
base level block 38 vibrates due to the reaction to the driving force upon the drive of the wafer stage WST, the vibration 
hardly transmits to the projection optical system PL. Also, in this case, because the Z-tilt driving mechanism is unnec- 

10 essary, it is possible to make the wafer stage WST more lightweight, and the driving force and driving reaction upon 
driving the wafer stage WST on the wafer base tevel block 38 by the wafer driver 40 comprising a planar motor can 
be reduced. 

[0221] Furthermore, in the exposure apparatus 10 of the present embodiment, the exposure main portion controls 
the position/attitude, in three degrees of freedom Z, ex, ey, of the reticle base level block 1 2 by the expandable second 

15 rods 1 04 A to 1 04 3 composing the second mechanism of the parallel link mechanism 74 controlled by the main controller 
50. Therefore, the position/attitude, in three degrees of freedom Ox, 8y, Z, of the reticle stage RST levitated above the 
reticle base level block 12 can be precisely controlled with desirable operational-characteristics and high rigidity. That 
is, in the exposure apparatus 1 0, without a Z-tilt driving mechanism between the reticle stage RST and the reticle base 
level block 1 2, or on the reticle stage RST, the Z-tilt driving of the reticle R held on the reticle stage RST and the relative 

20 position, in three degrees of freedom 8x, ey, Z, of the reticle with respect to the projection optical system PL, i.e. focus 
leveling, can be precisely controlled by the expandable second rods 104! to 104 3 with desirable operational-charac- 
teristics and high rigidity. Therefore, the deterioration of pattern images due to reticle R's defocus caused by an offset 
load, etc., exerted on the reticle base level block 12 upon the movement of the reticle stage RST can be prevented. 
In this case, the three second rods 104! to 104 3 support the reticle base level block 12 to be independent of the 

25 projection optical system PL. Therefore, even when the reticle base level block 1 2 vibrates due to the reaction to the 
driving force upon the drive of the reticle stage RST, the vibration hardly transmits to the projection optical system PL. 
Also, in this case, because the Z-tilt driving mechanism is unnecessary, it is possible to make the reticle stage RST 
more lightweight, and the driving force and driving reaction upon driving the reticle stage RST on the reticle base level 
block 12 by the reticle driver 14 comprising a linear motor can be reduced. 

30 [0222] Also, in this case, the wafer stage WST, the reticle stage RST, and the projection optical system PL can be 
easily sealed from one another and easily maintained. 

[0223] In the present embodiment, a focus sensor 73 and a wafer laser interferometer 24W fixed on the projection 
optical system PL constitute a position detector to detect the relative position, in six degrees of freedom, of the wafer 
W and the projection optical system. In the present embodiment, as described above, the driving reactions exerted on 
35 the wafer stage WST and the reticle stage RST are prevented from transmitting to the projection optical system PL. 
Therefore, with the position detector (the focus sensor 73 and the wafer laser interferometer 24 W) fixed on the projection 
optical system PL, it is possible to precisely detect the positional relationship between the projection optical system 
PL and the wafer W. 

[0224] Furthermore, a position detector to detect the relative position, in six degrees of freedom, between the reticle 
40 stage RST and the projection optical system PL comprises the reticle interferometers 24Ry 1f 24Ry 2 , 24Rx that illumi- 
nate a movable mirror 22 R provided on the reticle stage RST with a length measuring beam and detect the position, 
in three degrees of freedom 6x, 8y, Z, of the reticle stage RST, and the first to third interferometers 30! to 30 3 that 
illuminate a mirror 28 fixed on the reticle base level block 12 with a length measuring beam and detect the position, in 
three degrees of freedom ex, ey, Z, of the reticle base level block 1 2. In this case, the driving reactions exerted on the 
45 wafer stage WST and the reticle stage RST are prevented from transmitting to the projection optical system PL. There- 
fore, with the position detector (interferometers 24Ry 1t 24Ry 2 , 24Rx, 30! to 30 3 ) fixed on the projection optical system 
PL, it is possible to precisely detect the positional relationship between the projection optical system PL and the reticle 
stage RST. 

[0225] Furthermore, in the exposure apparatus 1 0 of the present embodiment, the first expansion mechanisms 94! 

50 to 94 3 and the second expansion mechanisms 1 12! to 1 12 3 that are respectively arranged in the f irst rods 78! to 78 3 
and the second rods 104! to 104 3 each comprise the air cylinder 84 and the shaft motor 92, a kind of electromagnetic 
linear motor, that are arranged mutually in series (or in parallel). Therefore, the main controller 50 can drive the reticle 
base level block 12 coarsely and by larger distances by controlling the air pressure of the air cylinder 84, and also 
finely by the shaft motor 92. As a result, the main controller 50 can precisely adjust the positions/attitudes, in three 

55 degrees of freedom Z, ex, ey, of the wafer stage and the reticle stage, and then their relative positions with respect to 
the projection optical system PL in three degrees of freedom Z, ex, 0y in a short time. That is, it is possible to perform 
a precise focus leveling operation in a short time. 

[0226] Furthermore, because the first rods 78! to 78 3 and the second rods 104! to 1 04 3 each comprise the air pad 
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96 to support the magnetic po.e unit 90 as them over of the ^^^^^SS^^ 
statorinanon^ontactmanner.lncontmlling the expansions ^^^^^^^Mesjnm^ 

i^^^T^sz^^s^r^ j_ — — 

at the same time. „„ arotlla h n of , he nresent embodiment, the main controller 50 can statically 

[0229] Moreover, in the exposure apparatus 10 of the present mm . bas<j |eye| 

adjust the relative position, with respect to the projecoon 0 ^^^°^^Z X and Se °° nd eXPa " Si0n 
block 38 and the retic.e base level block 1 2 by us.ng the SlSSTTpSS. to adjust at .east one of 

mechanisms, and suppress vibrations by using the ^"^™^'p!S*Zm one of the wafer base level block 
both stages WST, RST with respect to the P«^«*££ T£^2£2S 38 and the retic.e base 
38 and the reticle base level block and to suppress J^^S^WSI. rods and the reactions due to the 
level block 12, which are caused by the expansions/contractions of the respective roa 

drives of the stages. »,„„™iki» to etmnress low-freauency vibrations by controlling the 

[0230] Furthermore, with the main controller 50. rt is ^mecnanlsms and to insulate high- 

er pressures of the air cylinders 84's composmg he '^^™ p i t0 sup p reS s the low- 
frequency vibrations by contro.ling the due to the reactions to the 

^TotTs^^ 

[0231] Furthermore, the exposure apparatus 10 of the pres embodiment comp ^ fte jection 

She relcle stage RST and partia.iv including the retic.e tmMH ^l^J^J^SSbL level block 
optical system PL, the wafer room 44 containing the wa ^ r ^^^^^ og ^pg^t^eiy linking the reticle room 1 8 and 
38, and thechamber46 including "W^™"^™^^ the projection optical 

the .ens room 32, and the lens room 32 and the wafer ^^^^^^^^ , nk mechanism 74. the 
system PL. and the reticle stage RST rom the outside *»P ^ ^ base |eve| 

positions/attitudes, in three degrees of freedom Z. Ox. 0y of the .water v > projection optical system 

block 12 can be adjusted without any troubles. ^ b ™^ ) 3«2 46 by filling the inside of the 
PL, and the reticle stage RST are i^ 

reS^rp^ 

semiconductor devices, which h ^ ^^^'^^'era the projection optical system PL is supported 
[0233] incidentally, the above embodiment J^S^S^-^pi-W link mechanism. This is because 
by the three third rods 

, theinitialadjustmento^ ^^^^^S^JitM roL 118,, 118,, 118, However, because the 
mechanisms 126^ 1 26 2 , 1 26 3 to respecuveiy nosition/attitude atterward once its position/ 

projection optica, system PL does not intrinsically ^^^KSST^.^ PL t0 be " Xed °" 
attitude is set at a desirable state, a support, ng ™chan.sm to JfgeSl because the positions/attitudes, 

.efloorsurface ™<^^^ the postal relationships, 

SSTS-. «- above embodiment, the third expansion mechanfcms 126, to 126 3 each have the air cylinder and 
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shaft motor, however, the third expansion mechanisms may each have only the air cylinder. Even in this case, the initial 
position/attitude of the projection optica! system PL can be easily adjusted by adjusting the inside pressure of the air 
cylinder. 

[0235] Furthermore, in the above embodiment, bilaterally telocentric optical-system is employed as the projection 
5 optical system PL. However, the present invention is not limited to this, not to mention. For example, as the projection 
optical system, an optical system that is non-telecentric in its object side may be employed. In such an optical system 
non-telecentric in its object side, although the defocus of the reticle R is one factor of the deviation of transfer position 
of the pattern image, the deviation of transfer position of the pattern image due to the defocus of the reticle R can be 
prevented because, in the above embodiment, the position, in three degrees of freedom Z, Ox, 6y, of the reticle R is 
10 controlled in the above manner. 

[0236] Incidentally, in the above embodiment, the case where the first base members 76.,, 76 2 , 76 3 , the second base 
member 102, and the third base members 114 1t 114 2 , 114 3 each are individual members was described. However, at 
least either the first base members or the third members may be one common member, or at least any two out of the 
first, second and third base members may be one common member. That is, all of the first, second and third base 
15 members may be one common member, or the first and second, the second and third, or the first and third base 
members may be one common member. 

[0237] Moreover, in the above embodiment, the case was described where a stage is mounted both the wafer base 
level block 38 and the reticle base level block 12. However, a plurality of stages may be mounted at least either on the 
wafer base level block 38 or on the reticle base level block 12. For example, in a case where a plurality of wafer stages 

20 WST are mounted on the wafer base level block 38, during the exposure operation of one wafer on the wafer stage, 
change of wafers on another wafer stage, or other operations such as the detection of wafer alignment marks can be 
simultaneously performed. Therefore, the throughput can be improved compared with a case of having only one wafer 
stage. Also, for example, in a case where a plurality of reticle stages RST are mounted on the reticle base level block 
12, because reticles can be changed by exchanging the positions of those plurality of reticle stages, it is possible to 

25 improve the throughput of such multi-exposure using a plurality of reticles as double exposure. Especially, in a case 
where a plurality of wafer stages WST and reticle stages RST are provided, during multi-exposure of a wafer on one 
wafer stage, such other operations as wafer change on another wafer stage and the detection of wafer alignment marks 
can be simultaneously performed. Therefore, such multi exposure using a plurality of reticles as double exposure can 
be performed with a high throughput. 

30 [0238] Moreover, in the above embodiment, the case is described where the wafer base level block 38 and the reticle 
base level block 12 are respectively supported by the first mechanism and the second mechanism of the parallel link 
mechanism 74 so as to be controllable in their attitudes. However, the present invention is not limited to this, not to 
mention. That is, only one of the wafer base level block 38 and the reticle base level block 12 may be supported by 
the parallel link mechanism. Even in such a case, the position/attitude of a level block, which is supported by the parallel 

35 link mechanism and serves as an end-effector of the parallel link mechanism, can be controlled in the same manner 
as above, and as a result, the above effects are obtained. 

[0239] Furthermore, the structure of the chamber 46 described in the above embodiment shows only one example, 
and the present invention is not limited to this, not to mention. That is, in the exposure apparatus of the present invention , 
any chamber can be used which contains at least one portion of the exposure apparatus's main portion (the reticle 

40 stage RST, the projection optical system PL, the wafer stage WST, etc.), which are supported by the parallel link 
mechanism, to be isolated from the outside atmosphere and allows the change of its attitude. In such a case, a portion 
of the exposure apparatus's main portion supported by the parallel link mechanism can be made lightweight by using 
the advantages of the parallel link mechanism, and its attitude can be precisely controlled with desirable operational- 
characteristics and high rigidity. Also, because the chamber houses at least one portion of the exposure apparatus's 

45 main portion to be isolated from the outside atmosphere and allowed to change its attitude, it is possible to transfer a 
fine pattern on the reticle onto the wafer using the ArF excimer laser or a vacuum ultraviolet having a shorter wavelength 
such as F 2 laser light by filling the inside of the chamber with a gas such as nitrogen (N 2 ) or helium (He). 
[0240] Furthermore, in the above embodiment, at least a portion of the illumination optical system IOP may be sup- 
ported by the parallel link mechanism, 

50 

«A second embodiment* 

[0241] A second embodiment of the present invention will be described below with referring to Figs. 9 to 17. Hereafter, 
the same or equivalent elements to those of the above first embodiment are represented by the same numbers, and 
55 for each of them, a brief or no description will be presented. 

[0242] Moreover, the first and second embodiments can be employed in combination as the need arises. 

[0243] Fig. 9 schematically shows an exposure apparatus 130 according to the second embodiment. This exposure 

apparatus is a scanning-type exposure apparatus based on a step-and-scan method, i.e. a scanning stepper, which 
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direction (hereafter, set to be Y axis direction P^^JJ S ^ge L a stage that is triangle in a p.anar 

six degrees of freedom X, Y, Z. ex, 6y, 6z by the P ar "^^^ stem |OP the reti cle stage RST holding the 
[0245] T^sexposureappa^ 

reticle R, the wafer stage WST holding the water w, anraip end-effector, and the like, 

as anend-effector.asecond parallel « 

expand /contract their first rod. member and a second axis member that can 

[0247] As the first rods 178, to 178 6 , rods each compns.ng a f .rst ax« mernber an afe Jsed 

elatively move in their axis direction In the ^me manner as th .M rod 78 in ft. ^ 
And the first axis member and second axis member composing each o *e f .reUodsl , ^ 
by respective one of first expansion mechanisms 194, to 194 6 ^ ™ ™ Fig 1 7), each of which 

!W T^is case, as is obvious in Fig. 10 the bo^s of 

respectively to the first base member136 and the ^^JJ^J^^n.^iaaandth.llmlfo* 
178 2 are connected around a vertex of the triangle '^^^^^^^ ^ ^ „^ ^7a a , ^ m 
178 . 178 2 form an almost triangle. In the WST,' and me first base member 136 and 

respectively connected around the othe^ces^ 

35 on the columns 140. « h .w„ian rastinas and an circular opening in a planar view is 

[0251] The lens-barrel level block 1 44 ,s ^^^^'^"^^e opening from above such that its optical 
formed in its center and the projection °Pf^^ PL, a flange FLG, which is 

axis coincides wfth the Z axis direction ^f^^^SS^i matehal of low thermal expansion such 
integrated with the lens-barrel, is provided. As a material of JJJJSb, 0 f carbon and other elements) is used, 

40 as inver (an iron-alloy with nickel 36%, ™**^**^£Z^ ng the projection optical system PL against the 
and this flange FLG composes a kinematic support .ng , ^ By J n g such a kinetic supporting 
lens-ban-el level block144 at three po^ 

structure, it is easy to attach the projection optical system PL to *e ' e " a ™™ ' de ch and the like 

advantage that after the attachment, stress due to ^^J^^^SSZt effect Jy. 
45 of the lens-barrel level block 144 and the P^^X^um^neM^^^ from the floor surface to 
[0252] In this case, the vibration-prevent.ng unrt 142 Insular e ^'" a ™ on SUD0O rting column 140, the vibration- 

!he lens-barre. .eve. b.ock 144 at micro G ^^J^^TS^^!^ to fiX a " d <"* 
preventing unit 142, and the lens-barrel level block 144 compose a supp g arranged. 
jec«on optical system PL on the floor surface PD- ^^K^ of thewafer stage in X-Y p.ane 

And a first reflection surface 146a formed on the s.de surface ot tne war a Q<>) wjth respect , 0 

55 measurement beams W.X1 , W.X3 in a direction forming a ^deten^ined angle M-J-Jj^ > ^ pL A fixed 
theYaxis. The measurement WIX1^ /incident, is fixed on the 
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the detection center of an off-axis-alignment detection system ALG. A fixed mirror (not shown) on which a reference 
beam corresponding to this measurement beam WIX3 is incident is fixed on the side surface of an off-axis-alignment 
detection system ALG. 

[0255] Furthermore, the interferometer 24Wx 2 is fixed on the lens-barrel level block 144 and hangs from it. And a 
5 third reflection surface 146c formed on the side surface of the wafer stage WST is vertically illuminated with measure- 
ment beams WIX2, WIX4 in a direction forming a predetermined angle e 2 (hereafter, - 60°) with respect to the Y axis. 
The extension line of the optical path of the measurement beam WIX2 crosses the extension line of the exposure light 
of the measurement beam WIX1 . A fixed mirror Mw2, on which a reference beam corresponding to this measurement 
beam WIX2 is incident, is fixed on the side surface of the projection optical system PL (referto Fig. 9), and the extension 
1 o line of the optical path of the measurement beam WIX4 crosses the extension N ne of the optical path of the measurement 
beam WIX3 at the center of the off-axis-alignment detection system ALG. A fixed mirror (not shown) on which a refer- 
ence beam corresponding to this measurement beam WIX4 is incident is fixed on the side surface of an off-axis- 
alignment detection system ALG. 

[0256] Moreover, the interferometer24Wy is fixed on the lens-barret level block 1 44 and hangs from it. And a second 
is reflection surface 146b formed on the side surface of the wafer stage WST is vertically illuminated with measurement 
beams WIY1 , WIY2 in the Y axis direction. These measurement beams WIY1 , WIY2 pass along optical paths bilaterally 
symmetric with respect to the Y axis between the optica! axis of the projection optical system PL and the detection 
center of the alignment detection system ALG. A fixed mirror (not shown) on which reference beams corresponding 
to these measurement beams WIY1 , WIY2 are incident is fixed on the side surface of the projection optical system. 
20 [0257] The measurement values of the above interferometers 24Wx 1f 24Wx 2 , 24Wy are supplied to the stage con- 
troller 52 and then the main controller 50 (refer to Fig. 17). The stage controller 52 calculates the Y position of the 
wafer stage WST on the basis of the average value of measurement values by the measurement beams WIY1 , WIY2 
of the interferometer 24Wy, and calculates the 6z rotation (yawing) of the wafer stage WST on the basis of the difference 
of the above two measurement values and the distance between the measurement axes, 
25 [0258] Furthermore, the stage controller 52 calculates the X position of the wafer stage WST on the basis of a meas- 
urement value X1 of the interferometer 24Wx., and a measurement value X2 of the interferometer 24Wx 2 using the 
following equation (33). 

30 X ^(Xl/lsine,! ) - (X2/I sin6 2 l)}/2 (33) 

[0259] Because I sine., I=lsin6 2 I =sin6, the X coordinate position of the wafer stage WST is given by 



35 X = (X1-X2)/(2sin8) (33'). 

[0260] Note that because it is important to avoid a so-called Abbe error, upon exposure operation, the stage controller 
52 calculates the X position of the wafer stage WST using the above equation (33') on the basis of the measurement 
values by the measurement beams WIX1 , WIX2 shined from the interferometers 24Wx., , 24WX2 toward the optical axis 

4 ° of the projection optical system PL, and upon alignment, calculates the X position of the wafer stage WST using the 
above equation (33') on the basis of the measurement values by the measurement beams WIX3, WIX4 shined from 
the interferometers 24Wx 1t 24Wx 2 toward the detection center of the alignment detection system ALG. 
[0261] The positional information, in the degrees of freedom X, Y, 6z, of the wafer stage WST obtained above is 
reported from the stage controller 52 to the main controller 50 in real time. 

45 [0262] Incidentally, in the present embodiment, it is preferable to compose the interferometer having a measurement 
axis corresponding to each of measurement beams to have a so-called double-path structure so as to prevent fine 
yawing (8z rotation) of the wafer stage from affecting the accuracy of exposure, and it is also preferable to compensate 
for a so-called Abbe error due to the difference in height between the interferometer measurement axis and the surface 
of the wafer W. Specifically, it is preferable to make other measurement beams incident, for example, below or above 

50 the measurement beams WIX1 , WIX2 and WIY1 (or WIY2), measure the pitching and rolling of the wafer stage WST, 
and correct X-Y position information of the wafer stage WST calculated above on the basis of these results. 
[0263] On the upper surface of the wafer stage WST, as shown in Fig.1 1 , a reference mark plate FM where reference 
marks for base line measurement and other reference marks of the alignment detection system are formed is arranged. 
[0264] Referring back to Fig. 9, the second parallel link mechanism 134 is mounted on a gate-shape frame 152 

55 constituted of a pair of vertical members 148A, 148B and a horizontal plate 150 supported by these vertical members 
148A, 148B. The horizontal plate 150 has an opening in a predetermined shape formed in its almost center. 
[0265] The second parallel link mechanism 134 is structured in the same way as the first parallel link mechanism 
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1 95, to 1 95 6 (not shown in Fig. 9; refer to Fig. 1 7) that are mmo P y structure as the first 

each expand/contract their second rod. As the second ^ "J » nSanisms having the same structure 

rod 78, areemployed, and asthesecond expansion mechan.sms 195, t .195^ ™ aHan 
as thekt expansion mechanism 94, are empioyed Lmearenc^ 

to detect the amount of movement o, a ^SS^ZSS^i^ the magnetic poie 

KineTeK^ 

the stage controller 52 (refer to Fig. 17). detected by three interferometers 24Rx„ 24Rx 2 , 

[02671 The position of the reticle stage RST in the X-Y plane is detecteo ' °V ™ d , he 

Lr r (the interferometer 24Ry located at the back of the d*jj, J n* « ^Jj^j* js detected with 
horizontal plate 150 of the gate-shape frame 152, ^'Jj^jf not shown) a s references fixed on the 
fixed mirrors Mr,, Mr 2 , Mr 3 (the mirror Mr 3 located ^^^T^ " as J above, the stage control.er 
side surface of the lens-barrel of the pro.ec flon < ^ <^> ^age RST, and the positional information. 

^rthe alignment detecjon system 

iiiuminates alignment ^arks (or the reference marMje F^ 

Tight, and detects the marks by Image >fg-*» ™£E£ ra>JLSS«dA thereto, and the like. The 
in Japanese Patent La.d-Open No. 7-32 1030 U_S. patent No. b,, herejn b this refere nce as 

disclosures in the above Japanese Patent La,d -°P^ te U /^ 

long as the national laws in designated states or elected states, majn c ^ P troller 50 (ref e r to Fig. 1 7). 

the interfered light. arranged on the side surface of the projection optical system 

[0270] Furthermore, a focus sensor 73 (73a, 730) is arrangeu u. controller 52 calculates 

PL; the outputs of the focus sensor 73 are supplied to t ^^ge cont^ freedom z , ex , 6y, 

the relative position, wfth respect to the projection op «a J^^™^ (an amount of rolling), 

specifics!*. Z position (an amount of . ^focus) ^^^^J^S^ 73 . These results, i.e. focus 
of the exposure area on the wafer surface on the ^sis of the ° T majn controller 50 in real time, 

leveling measurement results, of the exposure area of XUe wafer are 

[0271] Moreover, a focus sensor 173 ^he pattern surface of the reticle with respect 

system, being the same as the focus sensor 73 and detects Z ^positior > <X™ P a f ocus sensor i 73 

tc I the projection optical system PL is arranged ^^^^^^Z^pos^.^r^ti^ 

^^^^ 

are reported to the main controller 50 in real time degrees of freedom X, Y, Z, 

» described below. «.„h«»matiraiiv shown in Fiq. 12, comprising a stationary 

[0273] AssuchadrWngsystem.consideradnvingsystem.asschematical^ ^ 

member T, a driven body S, a stator side member RM1 . a m ^ 8 '* "^^J Stofbc) of the driven body 
to six) linking six points A, (i= one to six) of the ^.■^^^SSS connate XYZ is so defined that 
S. Hereafter, six points A, (i= one to six) are located n one "J 8 ^™* J, - (i= one to slx) are located in 
5 that plane is its X-Y plane and the center of those points rts origin^ ° e « n J ^.P 0 '^^^ the center of those points 
one plane and a stationary coordinate UYW is so defied mat that plane «J U V Pj^" member RM2 movjng 
is its origin P. Note that the expansion/contraction of each rod RD, is generatea Dy 
along the straight line between the point A, and the point B,. 
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[0274] In the present embodiment, in the driving system of Fig. 12, a control system, the block diagram of which is 
obtained by extending that in Fig. 5 for the three degrees of freedom into the six degrees of freedom, controls the 
position/attitude in the six degrees of freedom X, Y, Z, ex, By, 9z. 

[0275] That is, initial values of the velocity-setting portion 304 and the position/attitude-setting portion 306 are set to 
5 current values for the position/attitude (X, Y, Z, 8x, 6y, 6z) of the driven body S in the six degrees of freedom X, Y, Z, 
Gx, ey f ez and velocities (dX/dt, dY/dt, dZ/dt, d9x/dt, d9y/dt, d8z/dt), and initial values of the acceleration-setting portion 
302 are set to desirable acceleration values for controlling the position/attitude (d 2 X/dt 2 , d^/dt 2 , d 2 Z/dt 2 , d^x/dt 2 , 
d 2 8y/dt 2 , d^z/dt 2 ). After that, until a new initial setting, only the acceleration-setting portion 302 is updated time after 
time. Meanwhile, in the velocity-setting portion 304, its setting values are each set to the sum of their initial value and 
10 the integration of acceleration values from the acceleration-setting portion 302, and in the position/attitude-setting 
portion 306, its setting values are each set to the sum of their initial value and the integration of velocity values from 
the velocity-setting portion 304. 

[0276] At each time, in the same way as in the three degrees of freedom described previously, a reverse-dynamics 
analyzing portion 308 analyzes the acceleration-setting values of the acceleration-setting portion 302, the velocity- 
's setting values of the velocity-setting portion 304, and the position/attitude-setting values of the position/attitude-setting 
portion 306 that are set in this way and input thereto, and based on the results of this analysis, the reverse-dynamics 
analyzing portion 308 determines instructing values of thrusts for the each rod RD,. In the same way as in the three 
degrees of freedom described previously, the position/attitude of the driven body S in the six degrees of freedom is 
controlled. 

20 [0277] Next, a way where the first parallel link mechanism 1 32 controls the position/attitude of the wafer stage WST 
in the six degrees of freedom will be described below with referring to Fig. 13 to Fig. 1 6. 

[0278] The main controller 50 can move the wafer stage WST by a distance L1 in a non-scanning direction, i.e. the 
X-direction, by controlling the expansion/contraction of the first rods 1 78 1 to 1 78 6 via the first expansion mechanisms 
194 t to 194 6 and, e.g., changing a state of the first rods 178! to 178 6 shown by solid lines in Fig. 13 to another state 
25 shown by virtual lines (two-dot chain lines). In the same way as this, the main controller 50 can move the wafer stage 
WST in a scanning direction, i.e. the Y-direction, by appropriately controlling the expansions/contractions of the first 
rods 1 78-, to 1 78 6 via the first expansion mechanisms 1 94-j to 1 94 6 . 

[0279] Furthermore, the main controller 50 can move the wafer stage WST by a distance L2 upwards in Z-axis 
direction by controlling the expansions/contractions of the first rods 178! to 17B 6 via the first expansion mechanisms 
30 194! to 194 6 and, e.g., changing a state of the first rods 178! to 178 6 shown by solid lines in Fig. 14 to another state 
shown by virtual lines (two-dot chain lines). Note that there is no possibility of the interferometer's measurement-beam 
getting out of the reflection surface due to the up/down movement of the wafer stage because a stroke of movement 
in Z-axis direction is, e.g., about 100um in practice. 

[0280] Moreover, the main controller 50 can rotate the wafer stage WST through a fine angle <^ about the Y-axis 
35 passing through the gravity center of the wafer stage by controlling the expansions/contractions of the first rods 1 78! 
to 1 78 6 via the first expansion mechanisms 1 94! to 1 94 6 and changing a state of the first rods 1 78! t0 1 78 6 shown by 
solid lines in Fig. 15 to another state shown by virtual lines (two-dot chain lines). Therefore, 0y rotation (an amount of 
rolling) of the wafer stage WST is adjustable. In the same way as this, the main controller 50 can adjust ex rotation (an 
amount of pitching) of the wafer stage WST by appropriately controlling the expansions/contractions of the first rods 
40 1 78! to 1 78 6 v ' a tne f' rst expansion mechanisms 1 94! t0 9 ^ 6 . 

[0281 ] Also, the main controller 50 can rotate the wafer stage WST through a fine angle § 2 about the Z-axis passing 
through the gravity center of the wafer stage by controlling the expansions/contractions of the first rods 1 78! to 1 78 6 
via the first expansion mechanisms 194! to 194 6 and, e.g., changing a state of the first rods 178! to 178 6 shown by 
solid lines in Fig. 16 to another state shown by virtual lines. Therefore, ez rotation (an amount of yawing) of the wafer 
45 stage WST is adjustable. 

[0282] As described above, in the present embodiment, the position/attitude of the wafer stage WST in the six degrees 
of freedom can be controlled by the first parallel link mechanism 132. 

[0283] In the same way as the above, the main controller 50 can control the position/attitude of the reticle stage RST 
in the six degrees of freedom by appropriately controlling the expansions/contractions of the six second rods 179! to 
50 1 79 6 of the second parallel link mechanism 134 via the first expansion mechanisms 1 95! to 1 95 6 . 

[0284] Fig. 17 schematically shows the structure of the control system of the exposure apparatus 1 30. this control 
system in Fig. 17 is composed of the main controller 50 and the stage controller 52 as its main portion each of which 
is a microcomputer or workstation. 

[0285] Next, the operation of exposure by the exposure apparatus 1 30 of the present embodiment will be described 
55 below with referring to Fig.1 7, etc. 

[0286] First, in the same manner as the first embodiment, after preparation such as reticle alignment and base line 
measurement using a reticle microscope, an alignment detection system ALG, a reference mark plate FM, and the like 
(all are not shown), a fine alignment (EGA (enhanced global alignment) etc.) of a wafer W using the alignment detection 
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... fehot areas on the wafer are obtained. 
Sanisms 195, to 195 6 com P 0S,n9 * h rt e D S o ^°" n Y direction. In the same way using .m d Uom 

assss^ss 2 

[0289] On this scann.ng ^ p ^;V qthe first parallel link ^ ha " ism ^fj£° e driv , n g principle. 

, 5 by one row of shot areas In the X d^on a ^ ^^InTreis of focus and leveling in the 

opposite direction to their previa P ^ Q , measuremen «sutt ^ ^ ^ h 

f 02921 During the above scann.ng | exposu , ^ ^ jn rea „ ime , * e mam ^ ^ pro)ectlon 

individually the second rods 179, to i 6 
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second parallel link mechanism 134 via the stage controller 52, thereby precisely controlling the position/attitude, in 
the six degrees of freedom (X, Y, Z, 9x, 0y, 9z), of the reticle stage RST with desirable operational-characteristics and 
high rigidity. Because the reticle stage RST is driven by the second parallel link mechanism 1 34, such a driver to drive 
the reticle stage WST as a linear motor and a stage base (reticle base level block) to support the reticle stage RST 
5 are unnecessary. Also, it is unnecessary to provide a Z-tilt driving mechanism, etc., on the reticle stage RST Therefore, 
it is possible to make the reticle stage RST small and lightweight. 

[0296] Furthermore, in the exposure apparatus 1 30 of the present embodiment, a supporting mechanism (1 40, 1 42, 
144) supports the projection optical system PL fixed thereto on the floor surface FD where the exposure apparatus 
130 is installed. Therefore, after the projection optical system PL is adjusted to take a desirable position and attitude 

10 at the initial adjustment in advance and is fixed in such a state by the supporting mechanism, the main controller 50 
controls the position/attitude, in the six degrees of freedom (X, Y, Z, 9x, 9y, Oz), of the wafer stage WST and the reticle 
stage RST as described above. As its result, the relative position, in six degrees of freedom, of the wafer stage WST 
(wafer W) with respect to the projection optical system PL and the relative position, in six degrees of freedom, of the 
reticle stage RST (reticle R) with respect to the projection optical system PL can be controlled. Also, the position/ 

15 attitude, in six degrees of freedom, of the wafer W are measured with respect to the projection optical system PL, as 
reference, by the wafer interferometer system (24Wx 1 , 24Wx 2 , 24Wy) and the focus sensor 73 that are fixed on the 
lens-barrel level block 1 44 or the projection optical system PL that are independent from the wafer stage WST and the 
reticle stage RST regarding vibrations. Therefore, it is possible to perform precise measurements. 
[0297] In the present embodiment, because the first expansion mechanisms 1 94-, to 1 94 6 and the second expansion 

20 mechanisms 195-, to 1 95 6 each comprise an air cylinder and a shaft motor that are arranged mutually in series, the 
main controller 50 can drive the wafer stage WST and the reticle stage RST coarsely and by larger distances by 
controlling the air pressure of the air cylinder and also finely by the shaft motor. As a result, the main controller 50 can 
precisely adjust the positions/attitudes, in six degrees of freedom, of the wafer stage and the reticle stage, and then 
their relative positions with respect to the projection optical system PL in a short time. 

25 [0298] In the present embodiment, in the same manner as the first embodiment, because the first rods 1 78! to 1 78 6 
and the second rods 1 79., to 1 79 6 each comprise an air pad to support the mover of the shaft motor with respect to its 
stator in a non-contact manner, in controlling the expansions/contractions of the first rods 1 78-, to 178 6 and the second 
rods 1 79., to 1 79 6 by expansion mechanisms, friction that works as a non-linear component can be avoided. Therefore, 
the positions/attitudes, in six degrees of freedom, of the wafer stage WST and the reticle stage RST can be more 

30 precisely controlled. Note that in this case, a magnetic bearing unit may be used instead of the air pad. 

[0299] In the exposure apparatus 130 of the present embodiment, in the same manner as the first embodiment, 
much larger thrust can be generated compared with, e.g. usual linear motor, etc., and it is possible to make it smaller 
than a hydraulic cylinder, etc. Also, the parallel link mechanism 132, 134 of which each rod comprises an air cylinder 
and a shaft motor are suitable for the exposure apparatus 1 30 because making the exposure apparatus small and 

35 more lightweight and improving its output at the same time. 

[0300] I n the exposure apparatus 1 30 of the present embodiment, the main controller 50 statically adjusts the relative 
position, with respect to the projection optical system PL, of at least one of the wafer stage WST and the reticle stage 
RST by using air cylinders composing the first and second expansion mechanisms and can suppress vibrations by 
using shaft motors. In this way, it is possible to adjust the relative position, with respect to the projection optical system 

40 PL, of at least one of the wafer stage WST and the reticle stage RST and suppress vibrations caused by the expansion/ 
contraction- drive of the rods. 

[0301] The main controller 50 can suppress vibrations of low frequency by controlling the air pressure of the air 
cylinders composing the first and second expansion mechanisms and isolate high frequency vibrations by controlling 
currents to the shaft motors. Therefore, low frequency vibrations in the wafer base level block 38 and the reticle base 
45 level block 12 due to a reaction caused by the drive of each stage can be suppressed and fine vibrations from the floor 
surface, i.e. high frequency vibrations, can be isolated. 

[0302] Furthermore, the main controller 50 can isolate high frequency vibrations by controlling currents to the shaft 

motors, thereby being able to isolate fine vibrations from the floor surface, i.e. high frequency vibrations. 

[0303] In the exposure apparatus 130 of the present embodiment, a number of devices described above make the 

50 wafer stage WST and the reticle stage RST lightweight, improve controllability of their positions and its characteristics 
of suppressing vibrations of the units and isolating vibrations of the floor, and make it possible to manufacture highly 
integrated semiconductor devices, which have finer line widths, with high yield. Also, the exposure apparatus of the 
present embodiment can perform exposure with high resolution with using F 2 laser light or an energy beam of shorter 
wavelength in the atmosphere filled with a gas such as helium. 

55 [0304] Incidentally, although the second embodiment described a case where the positions/attitudes, in six degrees 
of freedom, of the wafer stage WST and the reticle stage RST are controlled by the parallel link mechanisms, the 
present invention is not limited to this, not to mention. For example, the position/attitude, in six degrees of freedom, of 
only one of the wafer stage WST and the reticle stage RST may be controlled by the parallel link mechanism while the 
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mechanism provided on the stage. RST, the positions/attitudes in 

[0305] in another case for at .east ^^^SSSS-T* the para „ei link mechanisms comprising three 
at least three degrees of freedom e.g. X, Y 6z may -be centre,, y h ^ ^ ^ Qf ^ wgfer 

expandable rods. In this case, a driver such as a ''"ear motor, *'**J2>\ the positions/attitudes in six degrees of 
stage WST and the reticle stage RST are unnecessary Note mat to control the p mechanlsm) and the like 

Jeedom of the wafer and reticle, it is necessary to prov ,de mec a ™^^^ e) turned on the stage, 
to drive the other three degrees of freedom (e.g. Z. 6x 8y) a supporting mechanism (140, 142, 
[0306] incidentally, although the second FD , a parallel link mechanism com- 

44) supports the projection optica, system PL fixed ther*ojm ^floor surface r p ^ ,„ tnfe 

prisng at least three expandable rods may M PP^/ to "J^,, perform ed by controlling the expansion 

case, the initial adjustment of the projection opfical ^J^^^JSSd to take a desirabie and fixed 
mecnanism of each rod. After that, the projecjon. ^g^^SSt Then by controi.ing the positions/ 
position/attitude by keeping the length of each rod byte ex P ans '° n tnre e degrees of freedom, of both the stages 
^.udesofboththestagesandadjust^re.^ 

with respectto the project.on opfcal ^ J * expansion mechanisms is preferred. By such an ex- 

mechanism 132 to control the P^f^^^^'Se^Sr « separate, these base members may be 
mechanism 134 to control the pos,t,on/att ^fJ^^J^^^ system PL, the base member of the l.nk 
one member. In this case, if a link mechanism «» £ZE^JSL 1 54 may be one member, 
mechanism and at least one of the base member 1 J ^ d b ~ '^2L*TH M Jare examples and that parallel 
[0308] Note that the parallel link mechamsms of the , and second ^ ^ ^ 

ink mechanisms, which the exposure .apparatus ;of the P^'j^^^^v^^i^y^ooii^^ 
[0309] Theexposurea P paratusofthepresentembod,m^ e|ect r|c prec|sjon> and 

Uments in the claims of the present patent <PP»Tf£ assembly adjustment to achieve the optical precision 
optical precision. To ensure the precision ^icWon is to its mechanic* system, and 

is performed to its optical system; adjustment to -fj^^^' e P ss of asse mbling various sub-systems into 
adjustment to achieve the electric P rec,s,on is to its ^'"^ he 7^ temSi connec tion of electric circuits, and 
anexposure apparatus includes mechan«a. «n» of assembling vario us sub-systems 

^pe^^^ 

temperature, the degree of cleanness, and the like ^e c °ntmnea jnvention . g employed 

[0310] incidentally, although the present ' n ^^^J^ l ^^ is not limited to that. The present 
In a scanning exposure apparatus of a '»f^^^^Z^ im apparatus (stepper) of a step- 
invention can be suitably employed ,n a method such as a mirror projection aligner, 
and-repeat method and also in an exposure apparatus of 'a _step and sw ^ wave , ength „ in 

YAG laser, or the like may be used. light is used. However, a higher 

[0312] Furthermore, as a vacuum ultraviolet light, ArF earner w«i a , n0 n-linear optical 

[ramie wave may be used which is obtained a DFB semiconductor iaser 
» crystal after amplifying a single wavelength em um or erbium and ytterbium) doped. 

device or a fiber laser by a fiber amplifier having, for wavelength laser is in the range of 1 .51 

[0313] For example, considering that the osafia^^^ 

to 1 .59 um, an eight-time-higher harmonrc wave .of ^^^Ji^^ttooal* 
higner harmonic wave of which the wavelen g * grange of 1 to 159^ ^ ^ ^ ^ „ h 

ss wavelength is in the range of 1 .544 to 1 553um. „ ht (ultraviolet light) is obtained, and when the 

range of 1 93 to 194nm. that is, almost the ™f^ a ^^SS harmonic wave of which the wavelength I. 
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[031 4] Furthermore, when the oscillation wavelength is in the range of 1 .03 to 1 .1 2um, a seven-time-higher harmonic 
wave of which the wavelength is in the range of 1 47 to 1 60nm is emitted, and, especially, when the oscillation wavelength 
is in the range of 1 .099 to 1 .1 06um, a seven-time-higher harmonic wave of which the wavelength is In the range of 
1 57 to 1 58nm, that is, almost the same as F 2 laser light (ultraviolet light) is obtained. In this case, for example, ytterbium- 

5 doped fiber laser can be employed as the single wavelength laser. 

[0315] Furthermore, the present invention can be applied to an scanning exposure apparatus employing EUV (Ex- 
treme Ultraviolet) light, of which the wavelength is in the range of 5 to 50nm, as an exposure illumination light. In such 
an exposure apparatus using EUV light, an all-reflection-type optical system and a reflection-type reticle are employed. 
[0316] Also, the present invention can be applied not only to a light exposure apparatus described above but also 

io to an exposure apparatus using a charged particle beam such as an electron beam. . 

[031 7] Moreover, the present invention can be applied not only to micro devices such as semiconductor devices but 
also to the production of reticles or masks used by a light exposure apparatus, EUV (Extreme Ultraviolet) exposure 
apparatus, X-ray exposure apparatus and electron beam exposure apparatus, and an exposure apparatus that trans- 
fers a circuit pattern onto a glass substrate or silicon wafer, incidentally, in an exposure apparatus using DUV (far 

15 ultraviolet) light or VUV (vacuum ultraviolet) light, a transmission-type reticle is employed in general. And as the sub- 
strate of the reticle, quartz glass, quartz glass with fluorine doped, fluorite, magnesium fluoride, or quartz crystal is 
employed. And an X-ray exposure apparatus or electron beam exposure apparatus of a proximity method employs a 
transmission-type mask (stencil-mask, membrane-mask), and as the substrate of the mask, silicon wafer or the like is 
employed. 

20 [0318] Note that the present invention can be applied not only to a wafer exposure apparatus used in the production 
of semiconductor devices but also to an exposure apparatus that transfers a device pattern onto a glass plate and is 
used in the production of displays such as liquid crystal display devices, an exposure apparatus that transfers a device 
pattern onto a ceramic plate and is used in the production of thin magnetic heads, and an exposure apparatus used 
in the production of pick-up devices (CCD, etc.). 

25 [0319] In addition, the parallel link mechanism according to the present invention can be applied not only to an 
exposure apparatus but also preferably to any apparatus of which the miniaturization and lightening, and the improve- 
ment of the output are necessary and which needs to precisely control the position/attitude of a body to be driven. 

«A device manufacturing method* 

30 

[0320] The embodiment of the method of manufacturing a device by using the above exposure apparatus in lithog- 
raphy processes will be described next. 

[0321] Fig. 1 8 is a flow chart for the manufacture of a device (a semiconductor chip such as IC or LSI, liquid crystal 
panel, CCD, thin magnetic head, micro machine, or the like) in this embodiment. As shown in Fig. 18, in step 201 
35 (design step), function/performance design for a device (e.g., circuit design for a semiconductor device) is performed 
to perform pattern design to implement the function. In step 202 (mask manufacturing step), a mask on which the 
designed circuit pattern is formed is manufactured. In step 203 (wafer manufacturing step), a wafer is manufacturing 
by using a silicon material or the like. 

[0322] In step 204 (wafer processing step), an actual circuit and the like are formed on the wafer by lithography or 
40 the like using the mask and wafer prepared in steps 201 to 203, as will be described later. In step 205 (device assembly 
step), a device is assembled by using the wafer processed in step 204. Step 205 includes processes such as dicing, 
bonding, and packaging (chip encapsulation). 

[0323] Finally, in step 206 (inspection step), a test on the operation of the device, durability test, and the like are 
performed. After these steps, the device is completed and shipped out. 

45 [0324] Fig. 19 is a flow chart showing a detailed example of step 204 described above in manufacturing the semi- 
conductor device. Referring to Fig. 19, in step 211 (oxidation step), the surface of the wafer is oxidized. In step 212 
(CVD step), an insulating film is formed on the wafer surface. In step 213 (electrode formation step), an electrode is 
formed on the wafer by vapor deposition. In step 214 (ion implantation step), ions are implanted into the wafer. Steps 
211 to 214 described above constitute a pre-process for each step in the wafer process and are selectively executed 

50 in accordance with the processing required in each step. 

[0325] When the above pre-process is completed in each step in the wafer process, a post-process is executed as 
follows. In this post-process, first of all, in step 215 (resist formation step), the wafer Is coated with a photosensitive 
agent. In step 216, the circuit pattern on the mask is transferred onto the wafer by the above exposure apparatus and 
method. In step 21 7 (developing step), the exposed wafer is developed. In step 218 (etching step), an exposed member 

ss on a portion other than a portion where the resist is left is removed by etching. In step 21 9 (resist removing step), the 
unnecessary resist after the etching is removed. 

[0326] By repeatedly performing these pre-process and post-process, a multiple-layer circuit pattern is formed on 
each shot-area of the wafer. 
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5 INDUSTRIAL APPLICABILITY 

the parallel link mechanism compris.ng: 

a base member, 4hQ ha , a _ ember and the movable object, and each include a first 

at .east three expandable rods that .in : the base ^enand^ ^ ^ ^ gnd 

axis member and a second ax.s member J d expand /contractthe respective rods each 

expansion mechanisms that are ■ n ^^*2£nd axis member in the axis direction, 
by relatively driving the first axis member and the ^seconfl I axis 6 a ^rical mover integrally 

each of the expansion ^7T!?IlSi <^*^'7 - 
arranaedin one of the first axis member andthesecond re|atjveV drives the first axis member 

ing: 

of freedom, of the substrate stage. ^ 
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in at least three degrees of freedom, of the mask stage. 

10. An exposure apparatus according to claim 9, wherein the parallel link mechanism comprises a second base mem- 
ber, at least three expandable second rods that link the second base member and the mask stage, and second 

s expansion mechanisms that are arranged in the respective second rods and expand/contract the respective second 

rods. 

11. An exposure apparatus according to claim 10, wherein the parallel link mechanism comprises six of the second 
rods and controls position/attitude, in six degrees of freedom, of the mask stage by expansion/contraction of each 

10 second rod. 

12. An exposure apparatus according to claim 1 0, wherein at least one of the first and second expansion mechanisms 
comprises an air cylinder and an electromagnetic linear motor that are arranged in parallel or in series with each 
other. 

15 

13. An exposure apparatus according to claim 12, wherein at least one of the first and second rods further comprises 
a bearing unit that supports a mover of the electromagnetic linear motor with respect to its stator in non-contact 
manner. 

20 14. An exposure apparatus according to claim 13, wherein the bearing unit is a gas static pressure bearing unit. 

15. An exposure apparatus according to claim 14, wherein the gas static pressure bearing unit comprises a differential 
exhaust mechanism. 

25 16. An exposure apparatus according to claim 13, wherein the bearing unit is a magnetic bearing unit. 

17. An exposure apparatus according to claim 10, the exposure apparatus further comprising: 

a controller to statically adjust relative position of at least one of both the stages with respect to the projection 
optical system by use of the air cylinder and suppress vibrations by use of the electromagnetic linear motor. 

30 

18. An exposure apparatus according to claim 10, further comprising: 

a controller to insulate high-frequency vibrations by controlling an electric current supplied to the electro- 
magnetic linear motor. 

35 19. An exposure apparatus according to claim 1 0, further comprising: 

a supporting mechanism that supports the optical projection system to be in a fixed state on a floor surface 
where the exposure main portion is mounted. 

20. An exposure apparatus according to claim 10, wherein the parallel link mechanism further comprises a third base 
40 member, at least three expandable third rods that link the third base member and the optical projection system, 

and third expansion mechanisms that are arranged in the respective third rods and expand/contract the respective 
third rods. 

21 . An exposure apparatus according to claim 20, wherein the third expansion mechanisms each comprise an air 
45 cylinder. 

22. An exposure apparatus according to claim 20, wherein at least two of the first, second, and third base members 
are one member. 

50 23. An exposure apparatus according to claim 3, wherein the exposure main portion comprises a mask stage that 
holds a mask on which the pattern is formed, and wherein the parallel link mechanism controls relative position, 
in three degrees of freedom, of the mask stage. 

24. An exposure apparatus according to claim 23, wherein the parallel link mechanism comprises a base member, at 
55 least three expandable rods that link the base member and the mask stage, and expansion mechanisms that are 

arranged in the respective rods and expand/contract the respective rods. 

25. An exposure apparatus according to claim 24, wherein the parallel link mechanism comprises six of the rods and 
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An exposure a P= ^^^^^SX^^ and detects positiona, reiationsnip, in six 

31 • A " TS^JS^^SS to b e in a tixed state on a noor surface 

where the exposure main portion is mounted. 

of the second stage base. 

respective second rods, 
third rods. 

„. „ .„»,„,. ap„.n,» » — — - « -* " mP "" " "' 

so cylinder. 

are one member, 
other. 
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40. An exposure apparatus according to claim 39, wherein at least one of the first and second rods further comprises 
a bearing unit that supports a mover of the electromagnetic linear motor with respect to its stator in non-contact 
manner. 

41. An exposure apparatus according to claim 40, wherein the bearing unit is a gas static pressure bearing unit. 

42. An exposure apparatus according to claim 41 , wherein the gas static pressure bearing unit comprises a differential 
exhaust mechanism. 

43. An exposure apparatus according to claim 40, wherein the bearing unit is a magnetic bearing unit. 

44. An exposure apparatus according to claim 39, further comprising: 

a controller to statically adjust relative position of at least one of the first and second stage bases with respect 
to the projection optical system by use of the air cylinder and suppress vibrations by use of the electromagnetic 
linear motor. 

45. An exposure apparatus according to claim 39, further comprising: 

a controller to suppress low-frequency vibrations by controlling air-pressure of the air cylinder and insulate 
high-frequency vibrations by controlling an electric current of the electromagnetic linear motor. 

46. An exposure apparatus according to claim 32, wherein a plurality of stages are mounted on at least one of the first 
and second stage bases. 

47. An exposure apparatus according to claim 3, wherein the exposure main portion comprises a mask stage that 
holds a mask, on which the pattern is formed, and a stage base that supports the mask stage so as to be movable, 
and wherein the parallel link mechanism controls position/attitude, in three degrees of freedom, of the stage base. 

48. An exposure apparatus according to claim 47, wherein the parallel link mechanism comprises a base member, at 
least three expandable rods that link the base member and the stage base, and expansion mechanisms that are 
arranged in the respective rods and expand/contract the respective rods. 

49. An exposure apparatus according to claim 3, further comprising: 

a chamber that houses at least one part of the exposure main portion to be sealed from the outside atmos- 
phere and so as for its attitude to be allowed to change. 

50. An exposure apparatus according to claim 49, further comprising: 

a vacuum exhaust system and a gas supply system to purge non-active gas into the chamber. 

51 . An exposure apparatus according to claim 32, further comprising: 

a chamber that comprises a first room to contain the mask stage and include the second stage base as a 
part, a second room to contain the projection optical system, a third room to contain the substrate stage and include 
the first stage base as a part, and expandable, bellows-members, which respectively link the first room and the 
second room, and the second room and the third room, and seals the substrate stage, the optical projection system, 
and the mask stage from the outside atmosphere. 

52. An exposure apparatus according to claim 51 , further comprising: 

a vacuum exhaust system and a gas supply system to purge non-active gas into the chamber. 

53. A method of making an exposure apparatus to transfer a pattern of a mask onto a substrate, comprising the steps of: 

providing an mask stage that holds the mask; 

providing an optical projection system that projects a pattern of the mask onto a substrate; 
providing a substrate stage that holds the substrate; and 

providing a parallel link mechanism that supports at least one of the mask stage and the substrate stage such 
that relative position, at least three degrees of freedom, of at least one of the mask stage and the substrate 
stage with respect to the optical projection system is controllable. 

54. A method of making an exposure apparatus to transfer a pattern of a mask onto a substrate, comprising the steps of: 
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providing a substrate stage that holds the substrate; 

respect to the optical projection system is controllable. 
A method of manufacturing a device wKh a lithography process wherein ,n ,the IKhography process, exposure is 
pertoLd using an exposure apparatus according to any one of cla,ms 3 to 52. 
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Fig. 2 
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Fig- 4 
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Fig. 6 
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Fig. 7 
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Fig. 9 
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Fig. 11 
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Fig- 12 
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Fig. 13 
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Fig. 14 
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Fig. 15 
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Fig. 17 
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Fig. 18 
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Fig. 19 
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